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Thia volume of Book I? of the Manhattan Diatrlot History pressnts 
a brief diaeuaaioa of tha raaaarch and development work parformad under 
the auapicaa of the Metallurgical Laboratory, with headquartera at the 
University of Chicago, during the period fraai mid-January 19U2 to 31 
December l?li6. Basic nuolear concepta and early nuclear research 
culminating in the discovery of neptunium and plutonium are outlined 
briefly to giye the reader the neceaaary background material. Minute 
details and highly technical diacuaaiona have been avoided, wherever 
possible, in order to present a clear, comprehensive history of thia 
unique research program. 

Thia volume ia divided into two parte, each having its own table 
of contents , summary, index, and ap andicea. The reeearch work describ- 
ed in Part I ia that conducted at the University of Chicago and at other 
laboratories under the auapioea of the Metallurgical Laboratory. Part 
II preaente a discussion of the reeearch and development work conducted 
at Clinton Laboratories. 

Since much of the design work for the actual production units at 
the Hanford Engineer Works was proceeding concurrently with the re- 
search work conducted by the Metallurgical Laboratory, a considerable 
amount of the reeearch and development work which effected major design 
decisions ia discussed in Volume 3* 

The summary contain* an abstract of every main subject treated in 
the text and is keyed to the text in such a manner that paragraph num- 
bsrs and headinge in the summary correspond to the various sections in 
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the text. 

Appendix references have been made in the text as a combination 
of letters and numerals} the letters denote the appendix divisions and 
numerals refer to the position of the item in the particular appendix. 
Thus (See App. 1-12) would refer to Appendix A, item 12 of that app- 
endix. 

Other phases of the history of the Pile Project are described ini 
Volume 1 - General Features 
Volume 3 - Design 
Volume It - Land Acquisition, HE* 
Volume 5 - Construction 
Volume 6 - Operation 
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1. Introduction , - The objective* of the research conducted by 
the Metallurgical Laboratory were the development of a process for the 
production of plutonlua and the development of a process for the sep- 
aration and purification of plutonlua from the uranium and f lesion by- 
products. The work was authorised by the President of the United 
States under the First War Powers Act. 

The structure of the atom is analogous to that of the solar 
system the nucleus being the "sun" and the orbital electrons being 
the "planets," Identity of an a toe is determined by the atomlo num- 
ber, which is the number of protons in the nucleus , and the mass 
number, which is the sum of the protons and neutrons in the nucleus. 
The periodlo table lists nuclei ranging from one proton (hydrogen) to 
?2 protons and 11*6 neutrons (uranium). The nuclei of naturally 
occurring elements of atomic number 90 or above are characterised by 
instability because of unbalanced mass to charge ratios. This con- 
dition leads to radioactivity, the process by whioh unstable nuclei 
return to etable states. 

In 1932, J. Chadwick's discovery of the neutron began the 
chain of research, which, strengthened by S, Fermi's work in Italy, 
finally led to the fission of uranium, announced in 1939 by Hahn 
and Strassmann in Germany, It was realised that the tremendous quan- 
tities of energy liberated in the fission process were potential 
sources of power. The problem was to make the fission reaction self- 
sustaining. By 1?U0, it was demonstrated that uraniua-23£ was the 
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readily fissionable material in uranium which could be used for prop- 
agating a chain reaction. However, U-235 was chemically identical to 
other uranium Lao to pee and it* concentration by physical methods 
might hare been unfeasible. Therefore, the search for other sore 
satisfactory fissionable materials was continued. In December 1?U0, 
a transuranic element of atomic mass 238 and atomic number 9h t pluto— 
nium, was dieeevered at the University of California by 3, T. Seaborg 
and his oo-*rorkers. A few months later, another isotope of the same 
element was produced, which, based on considerations of fission theory, 
could replace 8-23$ ** the fissionable element in a chain-reacting 
system. The early work on plutonium-239 revealed that this material 
could be produced and separated successfully from natural uranium. 

2. Operating Arrangements « - Prior to August 1?U2, Pile Project 
research was conducted through ar angementa with 03RD at various uni- 
versities throughout the country. However, in January 1?U2, Or* A. R. 
Compton, Director of the Metallurgical Project, decided to concentrate 
the research at one location. To this snd, certain contractual ar- 
rangements were made between the G o ve r nment, represented by the OSRD 
and later by the Manhattan Engineer District, and the contractor se- 
lected, the University of Chicago. These arrangements included con- 
tracts No. w-TUCI eng-37 for research and development and No* »V-7Uo5 
*ng-3? for the operation of a semi-works plant. Some research facili- 
ties were provided by the University of Chicago. However, ae the Met- 
allurgical Laboratory expanded, the need for construction of new facil- 
ities became evident. These new facilities were provided by the con- 
struction of new buildings such as those at Argonne Lal>oratory, and the 
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Nov Chemistry Suildlngf and by modification* to existing buildings, 
such as Sits B and ths Armory. Upon completion of the facilitiss at 
the Argonns National Laboratory, Contrast No. *-7Uo5 eng-37 was termi- 
nated and operation under Contract 31-109 eng»36 cosBteneed at the new 
location. Beeause of the nature of the Pile Project, substances re* 
quired for research purposes were comparatively rare. The procurement 
of materials for research and experimental purposes was performed by 
the a or e rnm en t through the Manhattan District. 

3. Dsvclonnc nt of Piles . - Ths understanding of how a Pile 
operates and ths various types of Piles requires sons knowledge of 
certain introductory concepts. In particular, neutrons are being 
produced continuously during Pile operation, "owever, many of these 
neutrons are ineffective for the production of plutoniusu Some are 
lost through leakage and others are absorbed in the Pile materials in 
an ineffective manner. However, these Pile materials serve a definite 
purpose in Pile operation. Ths moderator reduces neutron speeds to 
thermal levels in order to promote the chain reaction} the coolant is 
required to draw off and dissipats the heat formed in the Pile by nu- 
clear reactions | and ths shisld is neoeessry in order that personnel 
be protected frost exposure to excessive radioactivity. The chain re- 
action is further sustained by placing ths uranium and moderator in a 
geometrical arrangement called a ■lattice." A lattice arrangement of 
the uranium and moderator le a characteristic of a heterogeneous type 
of Pile, in contrast to a homogeneous type in which ths uranium and 
moderator are in a uniform mixture throughout the Pile, within thess 
two general classifications, Pils types can be further enumerated by 




■pacification of moderator and coolant. In order to develop tha flrat 
chain-reacting system, considerable experimental work wan neoeseary in 
ordar to datannina aacuratalj oartain nuclear oonstanta* This experi- 
mental irork utillaad email laboratory PUaa for tha maaauranant of 
neutron intenoitiea and rarioue Pile factors* Tha flrat chain-reacting 
Pile waa constructed In tha lattar part of and oparatad aa a 

chain-reacting eyetaa early la December 19b*. In tba eonaidaration of 
Pilaa for plutonium production, theoretical eonolderatione lad to tha 
elimination of ocrtain poeslbls modem tore and ooolante, while praeti- 
eel eonaldarationa led ta the elimination af othere* Thaaa oonaidara* 
tlona narrowed tha choice of moderator to graphite only, and tha ehoioe 
of coolant to either helium or eater, with tha possibility of diphenyl 
cooling, neceaaltating only alight ehangaa to the water-cooled plant* 
While preliminary deaign prohloaa aaaoeiatad with tha development of a 
production Pile were being investigated, a pr o g raa for tha deaign and 
oonatruetion of oartain experimental Pilaa at Argonne van being initi- 
ated* Thin pro graa waa an outgrowth of tha dire need for providing 
Pile research faailitiee required for the development of larger pro- 
duction Pilaa | and also to obtain important operational data on a Pile 
employing heavy water aa a moderator* Consequently, a uranium-graphite 
Pile waa built at Argoimo, using tha materials that ware employed in 
tha first chain-reacting Pile. In addition, a uranium h oavy-yatar Pile 
waa also constructed at Argonne* The experimental data and information 
gained through the use of these Pilaa were invaluable in tooting mate- 
rials for production Piles, and far tha study of important nuclear con- 
stants. Before oonatruetion of production Pilee could begin, it was 




necessary that a daeialon b» road* aa to whether helium or water should 
ba employed aa tha coolant* Tha aalactian of a rjraphite, water-cooled 
Pile for tha production of plutoniura was made only after careful eval- 
uation of tha advantages of helium on tha one hand and water cooling 
on the other. With regard to thie final choice, tha conaenaua la that 
water cooling waa tha wleer. 

U* Problems In Pile Design. - Pile design problems arising from 
nuclear phenomena were extremely complex* Other problems arose frost 
technical, engineering, and constructional aapeets of design for a 
production Pile operating at high power » Certain deaign problena, 
although difficult, did not involve tha extensive long-torn expert* 
mental reaearch required of more intricate problena of Pile deaign* 
The problem of designing a lattice that would permit easy removal of 
tha uranium, and provide adequate circulation of the cooling water, 
waa solved by deaigning a lattice in which the uranium is in the form 
of slugs placed end to end in horizontal tubes* Adequate protection 
of personnel from dangerous Pile radiations was accomplished by use of 
a Pile shield made of iron and masonlte* Control of the Pile was 
achieved by inserting into the Pile neutron-absorbing material in the 
form of rods or pipes* One of the difficult problena of Pile deaign, 
howe ver , was the development of a means of retarding tube corrosion 
and film formation by the coolant on the inside of the tube* This 
corrosion and film formation la caused by oxidation of tha aluminum 
cooling tubes by water under the effeete of Pile operation* After 
extensive research, the solution to tha problem was found in the con- 
trol of the acidity of the cooling water, and the addition of certain 



chemicals to Inhibit the formation of film* Another difficult Fill de- 
sign problem arose from the necessity of protecting the uranium slugs 
from corrosion and of minimizing tha aaoapa of radloactlTS fission pro- 
duct* into tha cooling watar. To protaot tha uranium slugs, it was 
neceesary to develop mathods of coating or canning tha slugs to inaurc 
a cloSa continuous bond between tha slug and coating, Phia waa nacaa- 
sary in ordar to prevent contact batwaan tha water and tha uranium and 
to prorida a high rata of haat tranafar from tha slug to tha cooling 
watar* Early considerations of tha problem lad to research in various 
methods of applying protective coatings, and the study of various mate- 
rials for possible use as a coating. Development of the canning method 
led to the realisation that an aluminum can held many advantages. 
Final developments in the coating and canning program were marked by 
the ultimate design of s process utilising both a coating and a can. 
In close coordination with the design of production Piles and chemical 
proeeaeee, it waa necessary to inveetigate the metallurgy of Pile mate- 
rials and the new element, plutoniua » The scope and objectives of met- 
allurgical research were determined by the needs of the Metallurgical 
Laboratory as emphasis on various research programs shifted from time 
to time. During the early stages of Pile design, the metallurgy of 
various Pile materials such ss canning materials, coolant tubas, shield 
materials, and the uranium Itself were Investigated thoroughly. Later 
on, extensive studies were made of the metallurgy of plutonium and al- 
ternate Pile materials. A program aa broad and varied as this utilised 
the facilitiea of other research organizations. These contractors par- 
ticipated actively in Project-wide metallurgical developments. The 
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operation of a Pile and a ahemioal process involving the handling of 
highly radioactive materials required the design of considerable 
associated equipment and instruments. Over an oxtandad parlod of 
tine, the metallurgical Laboratory served aa a design and manufacture 
lnf eantar for spaalal optiaal and alaetronia inalrnaanta. 

5» Pila Operating Problems* - Pilaa operating at high power 
levels introdnoad problems whlah were not significant In tha aarllar 
work with low-power experimental Pilaa. Tha affoot of radiation on 
aolld materials In tha Pile, —pao tally graphite, received oonatant 
attention* Tha accumulation of fiaaloa prodnata whlah reduoee Pila 
reactivity did not eauae difficulty axoapt is tha eaaa of xanon pol- 
aoning. Also, several methods for tha dataotioa of alng awalliag and 
ean f allure wara investigated by various rooeareh organlaatlona to in- 



aura a trouble-free Pila operation* 

6, Psvslopnont of Pltttonixni Separation Process ,, • Sarly tracer 
■tudiea with microscopic quantities of plutoniun at the University of 
California demonstrated the feaaibility of a separation and purifies* 
tioa proeeaa for plutonium* In 19k2, organisation and expansion of 
plutoniun atudlea reaultad in the eonatraetloa of new facilities at 
Chioagef subdivision of the problems to include work on the radio- 
active flsaion produetai and arrangaaianta for cyclotron irradiation 
of several hundred pounde of uraniun salts • The general problem 
facing the ehemiata was the development of a satiafactory prooeca for 
the separation and decontamination of the plutonitat within a time 
aehedule which did not permit leisurely pursuit of the objectives* 
The concentration of plutoniun and fission produots in the uranium 




from which they were to be separated was lees than 200 parte per 
million. Thia separation was difficult, but even acre formidable 
was the necessity of removing the fission product elements from the 
plutonium to such a degree that less than one part in 10 million of 
the original concentration of fission products remained In the pluto- 
nium. All this had to be done with remote control apparatus because 
of the extremely high degree of radioactivity associated with the 
fission products. There were four typee of processes considered i 
volatility, adsorption, solvent extraction, and precipitation. 
Volatility methods depend on differences in vapor pressures between 
the materials to be separated. Though this process is mechanically 
the most simple, its development was h am pe r ed by severe corrosion 
problems and insufficient knowledge of the "dry* chemistry of pluto- 
nium. Adsorption methods, employing the adsorptive and desorptivej 
properties of inert materials under varying conditions, eliminated 
the severe corrosion problems, but the impracticability of complete 
removal of the fission products from the adsorbers resulted in a 
severe radiation haaard. Solvent extraction processes utilise dif- 
ferent degrees of solubility of salts of plutonium, uranium, and 
fission products in water and organic liquids as a means of separa- 
tion. These processes provide the only completely continuous sepa- 
ration aethods which can be developed. Although a satisfactory solvent 
extraction method had not been demonstrated by the time process design 
had to be started, laboratory investigations of theee processes were 
continued and the solvent extraction process appeared very promising 
for future use. Precipitation methods involve formation of chemical 
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compounds which are insoluble unuer a hernia ally controllable conditions* 
Tho vory low concentre ti one of plutoniua and fiaaion produota a an 
bo handlod off la lastly by aeana of "oerriers* in successive precip- 
itations and dissolutions until tho doslrod purification of pluto- 
nitai is achieved. Tho sequence of rapoatod operations would aimpllfy 
equipment design and permit oonaldorablo proooso change without equip- 
ment change, Thio advantage wee an important footer in the a • loot! on 



of tho separation prooeaa. Furthermore, sinoo praeipltation aethoda 



had boon employed from tho earl la at days of plutoaium reeeareh, it waa 
logical that they were tho moot advanced at the tin* a oholoo had to 



bo made. A precipitation proeeoo waa outlined with two oarrior oater- 
la la, bismuth phoa photo and laathaaua fluoride, in miod. Final deei- 
aiona combined tho/ aoot favorable features of both. Plant opera ti on 



of this prooeaa boa been more auosessful thaa hod been expected and 
has proTod beyond) quoation tho wisdom of its ohoioe. 

i n 

T, Qrgmalaattlon and Personnel, - Tho Metallurgical laboratory 
was formed undar the dirootorohlp of Or* A. H. Compton who latar bo- 
same Pile Project Director* The three original groups, nuclear phys- 
ioa, ohemiatry, and theoratioal, sooa wore suppleaonted by health, 
onginaaelng, and other aeotlono for spoeiolised work. About 2000 
persona were employed ot tho peak of activities in July 1944* The 
Chicago ireo Office, originally hooded by Captain J. P. Graft on and 

letar by Captain, , now Lieutenant Colonel, A* V„ Peteraoa end Captain, 

I J 

now Major, J. H. fcolftnloy, waa aatabliahed in August 1942 to aupenriae 
tho oonstruotion Of new reaoarob faoilities. Bowever, when tho Man- 
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hattan Dietriot aapuaed full reeponalbility for sll aotivitiea of tho 



Project in Kay 1?1*3» the Chicago Area Office was charged with adminis- 
tration of certain government contacts with the Metallurgical Labora- 
tory and associated organisations. 
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iiANHATTAM DISTMCT HI6T0RT 
BOOK IV - PILE PROJECT 
VOLUME 2 - R3SRARCH 
PART I - METALLURGICAL LABORATORY 

I 

SRCTIOI J - INTRO DO CTIOI 

1*1* ObJcetivM* - The objective* of the research and development 
work performed by the Metallurgical Laboratory were to procure those 
theoretical and experimental data necessary to develop a controllable, 
chain— reacting system (termed a "Pile" ) f producing plutonium from 
natural uranium, and to develop a chemical process for the separation 
and purification of the plutonium from uranium and the fission by- 
products* 

1-2, Scope . - The research work necessary to make the Pile 
Project feasible included consideration of the following important 
features i 

1. Development of a self-sustaining, controllable chaln- 
reacting system. 

2. Determination of the most suitable materials to be used 
in Pile construction ae seen from the point of view of 
nuclear physics as well as from that of engineering. 
These materials were those to be used as "moderator, 
shielding, and coolant. 

3. Shielding of all personnel from hasardous radiations 
during operation of the production and separation units. 

U. Suitable and reliable means of removing heat from the 
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production units. 
5. Investigation and ehoios of ths moat feasible chemical 
separation process for extracting the plutoniuei from the 
irradiated uranium and fission by-product elements* 
1-3. Authorisation * 

a. General * - The Manhattan District Project was authorised 
by the President of the United States under authority conferred on him 
by Public Law No. 580, 77th Congress and Public W No. 35U (First War 
Powers Act) 77th Congress (See Book I, Vol. 1). 

b. Specific . - The original specific authorisation for the 
research and development work on the Pile Project is contained in a 
report to the President of the United States, dated 13 June 1&2, by 
Dr. J. B. Conant, Chairman NDRC, and Dr. V. Bush, Director CSRD* It 
was approved by the Chief of Staff* the Secretary of War, and the Vice 
Pre a i dent of the United States. The report was transmitted on 17 June 
19U2 by Dr. Bush to the President, who ap roved it. 

1-U. Basic Nuclear Concepts * 

a* Introduction. - To aid the reader In hie understanding 
of certain necessarily technical discussions that appear in succeeding 
paragraphs, a brief explanation is presented of certain fundamental con- 
cepts which form the basis of nuclear physics and its application to the 
Pile Project. 

b. Elements . - Every material substance is composed of a 
limited number of distinct varieties of chemically-indivisible matter 
called "elements." An element is not to be thought of as an ultima ts 
constituent of matter, although each element has a real chemical 
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existence and a true order of cheraical magnitude. The tern "element," 
to this day, retains the same meaning as heretofore, but the physical 
conception of the element has been altered. In particular, under pres- 
ent concepts of the atomic theory, each element is composed of a tons, 
having their individual chemical and physical characteristics. 

c. Fundamental Concepts . - Atoms, in turn, are composed 
essentially of three different kinds of particles, namely, neutrons, 
protons, and electrons. Thus, each element is made up of atoms, and 
all atoms are composed of the same kinds of particles. However, one 
element is distinguished from another by the difference between the 
relative quantities of neutrons, protons, and electrons in the atoms 
of each. For example, an atcei of beryllium contains five neutrons, 
four protons, and four electrons} while an atom of gold contains lib 
neutrons, 79 protons, and 79 electrons. Moreover, each element may 
exist in several different species called "isotopes." All the isotopes 
of any given element are chemically identical, since their atoms con- 
tain the same number of protons and electrons, making the atoms elec- 
trically neutral. Howev er , isotopes differ physically from each other 
because their atoms differ in the total number of neutrons comprising 
each atom. Briefly, a neutron is a particle having a net electrical 
charge of zero, and having 1.00893 "mass units."* The proton has a 
positive electrical charge of unity and has a mass of 1.00757 units. 
The electron has an electrical charge equal to that of the proton, 
but opposite in sign, that is, negative) and has a mass of O.0OO5U8 
units. Thus, the mass of the electron is negligible in comparison to 
that of a proton or neutron. 
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d s Atomic Structure * - In describing the structure of the 
atom, the analogy- of a planetary- system is undoubtedly familiar to the 
reader. Employing this analogy, the center or "sun" of the "solar 
system" of the atom is the nucleus, consisting, in general, of neutrons 
and protons. The only exception to this is the case of the hydrogen 
atom, whose nucleus contains a single oroton. The revolving "planets" 
are electrons, one to balance the electrical charge of each proton in 
the nucleus, revolving in orbits about the nucleus. Even thogh atoms 
are inconceivably small (diameter of an electron orbit is less than 
1/100,000,000 of an inch) the atom consists mostly of empty space. To 
illustrate this fact, If the cross section of the nueleue of the atom 
were the sise of a ^O-cent piece, the nearest electron mould be revolv- 
ing in a circle of radius of on e h alf mils. The opposite charges 
(those of protons in the nueleus and slsctrons in the orbits) develop 
a force of attraction between the nucleus and the revolving electrons, 
but the high speed (about 1360 miles per second) of the revolving 
electrons keeps then in their circular orbits, in the same manner that 
the sun's gravitational pull on the earth is balanced by the centrif- 
ugal force of the revolving earth. As explained previously, the weight 
of the electron Ls negligible in comparison to that of the neutron or 
proton, so that virtually all of the weight of the atom is in the 
nucleus. 

e. Mass Number and Atomic Nurrber, - The mass number of an 
isotope ls det rained by adding together the number of neutrons and 
protons in its atom. The atomic number of an element is determined by 
the number of protons In its atom* Slerents are known by their atomic 



l.U 





number, while various isotopes of the sane element are distinguished by 
the mass number. Thus gold (79 protons) Is k: own as element 79 J uranium 
(92 protons) as element 92. The predominantly abundant isotope of uran- 
ium is known as uranium-238 (U-238), i.e., its nucleus contains 92 
protons and II46 neutrons j *hile other isotopes (all with 9% protons) are 
designated as uraniurc-2 3$ (TJ-235) and uranium-23u (U-23u). A table of 
naturally-occurring elements, commonly called "The Periodic Table of 
Elements, * lists ?2 elements ranging from hydrogen (element 1) with the 
simplest atom consisting of one electron and a nucleus comprised of only 
one proton 1 to uranium (element 92) with 92 electrons and, for U-238, a 
nucleus comprised of 92 protons and lii6 neutrons. 

f • Kuclear Stability . - While it has been correctly stated 
that a neutron has a net electrical charge of zero, it is important to 
realize that, for the purposes of clarity in further discussions, it is 
assumed that the neutron itself is composed of a proton and an electron 
more or less "bound" together. The nucleus, in turn, is subjected to 
two different forces t (1) the electrostatic forces of repulsion between 
the positively-charged protons, and (2) the mechanical forces of attrac- 
tion between all the closely-packed particles. The comparative magni- 
tude of these two opposing forces is dependent, partially at 1 ast, upon 
both the size and complexity of the nucleus, and upon the relative pro- 
portions of neutrons and protons. The combined effect of these forces 
of attraction and repulsion is such that only certain nuclei are stable. 
Although conditions for stability vary widely within all ranges of the 
periodio table, it can be stated that, in general, instability exists to 
a greater degree in the upper ranges of the periodic table of elements, 
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where nuclei possess 90 or more protons and about 15>0 neutrons. 

g. Radioactivity. - A condition of instability In a nucleus 
may be illustrated by considering the analogy of a hot piece of metal 
in a cool surrounding. An unstable condition then exists, but a stable 
condition is reached when the metal cools to a point where there is no 
transfer of energy from the metal to its surroundings or fro* the sur- 
roundings to the metal* An unstable nucleus may be compared to the hot 
metal, In which case the nucleus seeks a stable condition be emitting 
alpha particles (helium nuclei), beta particles (negatively charged 
particles or electrons), or certain radiant energy. This nuclear pro- 
cess of seeking stability is referred to as "radioactivity* and elements 
which "disintegrate" in this fashion are termed "radioactive," 

h. Uranlum-238 and Plutonium . - Uranium-238, to all intents 
and purposes, may be considered a stable isotope of uranium (actually 

it is not, but its rate of disintegration is so slow that, for practical 

purposes, it may be considered as stable), and, under proper conditions, 

its nucleus can be made to absorb s neutron with a result that it forms 

(Notei The symbol is used to indicate the uranium 

92 02 

isotope whose nucleus contains 239 particles of which 92 are protons.) 

a radioactive isotope, each nucleus of which emits a beta 
particle. It is assumed that this beta particle is the negative portion 
of a neutron, and its emission, therefore, leaves one free positive 
charge, i.e., a proton. The additional proton increases the atomic num- 
ber by unity, resulting in an element of atomic number 93, to which 
the name neptunium has been given. Thus, radioactivity accounts for the 
change from ^D 23 * to o y»P 239 . 

Neptunium, however, is only one stage 
1.6 

1 



in the disintegration* It, too, is radioactive, and emits, likewise, 

a beta particle, becoming another slement, plutonium, with a tonic number 

9h, and indicated as ^ Pu 2 ^. 

Sh 

1-5. Early Unclear Research, 

a. Introduction, - The discovery of the neutron by Sir Janes 
Chadwick and his associates in England in 1932 revolutionised atonic 
research. As explained in the preceding paragraph, the neutron be cane 
established as a fundamental particle of the atonic nucleus. Further- 
nore, the newly found particle was recognised as a renarkable projectile 
for atonic bonbardnent experimente. Its lack of electrical charge 
assured its penetration of the strong electrostatic fields within the 

a ten* 

b. First Keutron Bombardments. - In l?3b, a scientific group 
led by Snriee Feral in Italy started systenatle neutron bonbardnent of 
practically all the elements* They showed that the nuclei of atone were 
affected by neutrons in various ways* One proceee involved absorption 
or "capture" of the neutron by the nucleus* Presumably, this caused an 
unstable ststef then the nucleus returned to stable conditions by salt- 
ting a beta particle (high-speed electron) to font a new a ton, one unit 
greater in atonic number than the parent a ton. By this mechanism, 
copper atoms were converted to sine atoms, and gold atoms to mercury 
atone* In other casee of neutron bombardment, other types of changes 
within ths nucleus occurred, resulting in the formation of many radio- 
active isotopes of naturally occurring elements, eventually ending in 

a stable atom of lower atomic number than the parent atom* 

c* Interaction of Uranium and Neutrons, - The question arose 
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a* to what would happen if uranium, ths •lament of highest known atom- 
ic number, vera subjected to neutron bombardment. Would a new "trans— 
uranie 1 * element be created, or would the neutron absorption cause 
radioactive decay to an element a few places lower In the periodic 
system? -hen the experiment was performed, resolution of the re suite 
was extremely difficult, and even consideration of elements of atomls 
number up to 91 could not account for all the findings. 

d. Discovery of Fission* - At the end of 1938, Hahn and 
Strasamann in Germany becams Interested in the problem and concentrated 
their efforts on the chemical separation of the products of reaction of 
neutrons with uranium* They presented indisputable chemical evidence 
that at least one of the products believed to have been a transuranie 
element was actually an isotope of the element barium, which has about 
half the mass of uranium* A new mechanism for the reaction of a neu- 
tron with uranium was obvious i the splitting or fission of the uranium 
nucleus. 

e. Energy Released by Fission . - The fission of the uranium 
nucleus caused the release of a tremendous amount of energy* The total 
mass of the fragments was less than the mass of the parent atom plus 
the captured neutron* According to Einstein's theory* this mass was 
not lost but converted into energy* Measurements of photo graphic and 
electronic manifestations of fission confirmed that enormous quantities 
of energy were evolved in the reaction* 

f • Mass Energy Relationship. - The equivalence of mass and 
energy is not apparent in ordinary combustion or chemical processes* 
As expressed by Dr. Binsteln, Rnergy * Mass x Conversion Factor i the 




conversion factor la equal to the square of the speed of light, a 
number so large that mass changes accompanying ordinary releases of 
energy are too small to be detected. The energy from the usual burning 
of one kilogram (2.2 pounds) of coal is about 3.5 kilowatts. Howev r, 
if this quantity of coal could be completely a nihilated so that no ash 
or combusion gases remained, U— billion tines as such energy would be 
produced. 

g. The Chain Reaction and Associated Problems. - It is easy 
to understand the sensation that Hahn and Strassmazm's report created in 
the scientific world. Nuclear physicists everywhere started investiga- 
tion of the fission process. Heretofore, utilisation of energy frost 
nuclear disintegration was not practical because the processes were not 
self -supporting. The total energy necessary to bring then about was 
always far greater than the total energy which resulted. The scientists 
reasoned that if nuclear fission was accompanied by the release of Tore 
neutrons, these could be used to propagate furth r nuclear disintegra- 
tions, and the reaction sight beeome self-eustaining or "chain" in 
character. A chain-reacting system would make available the quantities 
of energy released by the individual atoms as a power source of unlimited 
possibilities. The following problems were attacked to determine the 
feasibility of a chain-reacting system t 

1. How many neutrons were released by the fission of 
the uranium nucleus? 

2. If these neutrons were available for further reaction, 
why *as there no chain reaction under existing ex- 
perimental conditions? 

U9 




3m Three isotopes of uranium were known* Tore all three 
subject to the fission reaction? Would othar ele- 
manta behava similarly? 

k» 'hat anargiaa of bombarding neutrons were most effi- 
cient in producing flaaion? How could neutron ener- 
<jiea be varied and controlled? 

5. ''hat were the identity and radioactive propertiea of 
tha fragmentary atoms and radiation accompanying 
flaaion? 

h, Dayelopgent of Nuelear Theory * Partial or complete 
answers to tha above queationt were soon known to the acientlfie world* 
In addition, tha nuclear-drop model theory waa developed by Niels Bohr 
and his associates to account for tha flaaion procees* This theory 
regards tha nucleus as held together by ooheslve foress similar to 
those binding tha moleculee in a drop of water* If an extraneous neu- 
tron is absorbed by the nucleus, equilibrium oonditions are disturbed! 
the nucleus is distorted and eventually broken apart. Just as a drop 
of water la affected by increasing its sise. The mathematical treat- 
ment of the forcea within the nuclear-drop model provided acientiata 
with a means for correlating tha vast amounts of experimental evidence 
that had been obtained, and deciding what Information was still needed 
for complete undera tending of nuclear flaaion* 

1* Review of General Knowledge in lgltO * - By tha time 
organized voluntary or enforced cenaorahip had been placed on tha pub- 
lication of information concerning fission, about the middle of 1°U0, 
tha following facte were generally known I 
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1. An average of one to three high-epeed neutrons are 

released In the f lesion of a uranium nucleus. 
2* These fast neutrons can be slowed down or "moderated" 
to the epeeds of gas molecules at ordinary tempera- 
tures by elastic collisions with relatively inert 
atoms such as carbon, helium, or hydrogen* 
3* Fast neutrons cause fission in uranium-2 35 and 

uranium-238. However, slow neutrons cause fission 
of 0-235 but do not cause fission of U-238| instead, 
they react with 0-238 to form transuranic elements, 
neptunium and plutoniua. 
k, Fission of thorium and protoactinium, two other heavy 

elements, is caused only by fast neutrons. 
5. Extremely high kinetic energy is imparted to the 
fission fragments, which are identified as radio- 
active isotopes of elements with atomic masses 
approximately half the mass of the uranium atom. 
1-6. Early Plutonium Research . - Early research work on the trans- 
uranic elements (those with atomic numbers 93 and ?U) was done at the 
University of California. Element 93, named neptunium (Hp), was dis- 
covered by E. McMillan and P. fl. Abe la on. Element 9h *as discovered in 
December 1<?U0 by G. T. Seaborg, A. C. *ahl, and J. w . Kennedy by the 
bombardment of uranium-238 with deuterons (nuclei of the "heavy hydro- 
gen"* atom), giving Np-238 which disintegrated to plutonium-238. Thus, 
the first isotope of plutonium discovered and studied was not the iso- 
tope of paramount interest, Pu-239, but, rather, the isotope Po-238. 
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In March l?Ul, the Important isotope, Pu-239, wa * discovered. Considera- 
tions of fission theory confirmed by experiments led to the conclusion 
that plutonium (Pu-239) would undergo fission when bombarded by neutrons. 
This conclusion led to a realisation that if relatively large amounts 
of plutonium were available, it would be likely that a chain reaction 
with fast neutrons could be produced* The release of enormous energy 
(See Par. 1-5) would accompany such a reaction* In the meantime, how- 
ever, much had been learned concerning the fission process and the 
isotopes U-235 and U-238. Thus knowledge lent support to the possibi- 
lity of producing plutonium from uranium by means of a slow-neutron 
chain reaction* Furthermore, the separation of the plutonium from the 
uranium could be accomplished by ordinary, albeit complicated, chemical 
means] since plutonium, although produced from uranium, is a different 
chemical element. Production of the other material of possible military 
Importance, U-23 t >, however, would require a difficult isetopie separa- 
tion of it from U-238, since these isotopes are chemically identical* 
By the end of 19hl» it was generally recognised that, with practical 
certainty, an atomic bomb capable of exerting tremendous destructive 
force could be made from either concentrated U-235 or from the newly- 
discovered element, plutonium* Also, considerable theoretical progress 
had been made. Certain nuclear and physical constants had been deter- 
mined with a relatively high degree of accuracy, and earlier estimates 
of properties of plutonium had been checked. On the practical side, how- 
ever, little progress was recorded. Although the chain reaction had 
been demonstrated clearly to be theoretically possible, no self-sus- 
taining chain reaction had been achieved. Furthermore, the establishment 
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Of a chain reaction did not necessarily insure an effective atomic boob 
even though the bomb "explosion" is a nuclear chain reaction. *ore- 
over, only microscopic amounts of lutonium (these were in the form of 
plutonium salts) had been produced* Virtually no uranius metal or 
graphite of required purity were available for construction of Piles. 
By the end of Kay 19b2, however, the experimental work, for which 
Dr. A* H. Campton was Director, had been centered at the University 
of Chisago (See Par* 2*1) and considerable progress, both theoretical 
and practical, had been aade. The most urgent problem in the pro- 
duction and procurement of uraniue metal and graphite of high purity 
had been solved and initial production was getting under way. At the 
Metallurgical Laboratory, problems associated with the design of the 
first chain-reacting unit were nearing solution, and uranium and graph- 
ite were being received and processed for its construction} and for the 
cons-ruction of small experimental units for the study of neutron ab- 
sorption and nuclear properties of Pile materials* In addition, other 
research required for Pile design and construction was being pushed 
vigorously (See A pp. CI), including neutron studies and engineering 
aspects of Pile design. Simultaneously, research in the chemical 
. separation and purification of plutonium was making rapid strides, even 
though, as pointed out previously, only microgram amounts of plutonium 
were available from "cyclotron"* production. The chemical properties of 
plutonium and chemical reactions between plutonium and chemicals pos- 
sessing required characteristics for separation processes were being 
actively investigated (See App. C 2). Raving available only minute 
amounts of plutonium, ths achievements of micro chemists in their studies 
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of chemical properties of plutonium and the evolution of likely separa- 
tion and purification prooesees was, indeed, a remarkable achievement. 
The reeulte of their studies proved invaluable in the complete devel- 
opment and refinement of large-ecale separation processes when norm 
plutonium became available, early in 1?UU, from operation of the 
Clinton laboratories Pile (See Vol. 2, Part II). It is to be remem- 
bered that, although the Metallurgical Laboratory of the University of 
Chicago, under arrangements with the Office of Scientific Research and 
Development, served as the nerve center of this broad program of re- 
search, considerable theoretical work was being done at other univer- 
sities and laboratories under similar arrangements with OSRD (See Par* 
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3 EOT ICS 2 - OPBKATUtf ArtRAITGEilEfiTS 

2-1 • Arrangements with G3-tt) . - Government 3tponsored research 
directed toward the development of oha in-reacting fissions was 
inaugurated under contracts of the Of floe of 3oientifio See ear oh 
and Development by small groups of soientists at the University of 
Chicago, Colunbis University, Princeton University, the University 
of California, the University of Virginia, Cornell university, the 
Sational Bureau of Standards, and the Maval Research laboratory* In 
January 1942, Dr. A. H. Compton, who. had been appointed Olreotor of 
the Projeot for studying controlled chain reactions and toe measurem- 
ent of nuolear properties, deoided to jonoentrate the studies, 
insofar as possible, st one location. These were centered at the 
University of Chicago under OSSD Contract Ho. CEM sr-410. The 
Manhattan District of the Corps of Engineers, following its establish* 
sent effeotive 15 August 1942, coordinated the work and pushed plant 
oonstruetion while the OSRO continued to supervise" the research and 
development work on atomic fiasion under ita existing contract. This 

i 

arrsngsoent continued until 1 Hay 1943 when the Man batten Distriot then 
and since September 1942 under the oomamnd of Us/jor General (then Brig- 

adler General) L. 8. droves, assumed full responsibility for sll 

/ 

phases of the atomic bomb program. . / 

2-2, Contractual Arrangements with the pniversity of Chicago , 
a. Selection of Contractor (See jlpp. D 1) . - Aa pointed 
out in the preceding paragraph, it was decided to conoentrste the 
researoh and development work for the ills Projeot at one location In 
order to coord in ate and expedite ita completion. The University of 
Chicago had been selected because of (1) its nationally central 
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location and distance from the saa coasts, (2) tha facilitlas availa- 
ble for immediate use and future exoaneion, (3) tha supply of trainad 
physicists and onanists availabls la tha Midwest, and (Ii) housing 
facilities, which were not as eritioal la Chicago as in sons othar 
locations. Consequently, la tha spring of 19U2, the raaaaroh groups 
from tha various univarsitias -wars moved to Chicago and organized 
under the nana of the "Metallurgies! Laboratory," Therefore, at the 
tine that the Manhattan* District assumed full responsibility for the 
administration and supervision of the raaaaroh and development work, 
the facilities and personnel were already aatablished at the University 
of Chicago and It was economically aound to continue the work at this 
location* 

b. Contract Bo« *-7U& eng»37» - Oa 1 Kay l&J, the Oniver- 
aity of Chicago entered into a contract, No* W-7UQ1 ang-37 (See App. 
HI), with the Manhattan District for conducting research and develop* 
nsnt work leading toward the design, construction, and operation of 
chain-reacting production units and chemical eeparatlon plants* Ihe 
work was undartaksn by the Onivaraity on a non-profit basis, the con- 
tractor being reimbursed for all costs incurred in connection there- 
with. 

The total coat to 31 December 1<&6 under this contract was $27, 
933,13k. 83, of which $62*7* 671.00 repressnts the cost for remodeling 
existing facilities and new construction* In addition, construction 
completed under prime contracts and including gove rnm ent Purchase 
Orders, amounted to $2,15U,912«36. None of the funds of this contract 
were spent for restoration of facilities, and the net coat for 
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operating the Laboratory under the contract was C27«28£,U63.03* 
Contract No. W-7U01 «ng-37 was terminated as of 30 June 1?U6, 

i 

the reaoarch work continuing under Contract 31-109 eng-36, with the 
nana of tha Laboratory changed to tho Argonne National Laboratory* 
o. Contract 31-109 ang-36 . - Tho now contract eoverlng 
resaaroh and development work on ahain-reaoting units and chemical 
separation plants was initiated upon ooapletioa of the Argonne Labo- 
ratory facilities and bee ana affect ire 1 July 19(46. For the period 
ending 31 December 19U6, the new contract coats were $2,756, 730.5k, 
of which $161,688.10 represents cost for roeodollng and new cone trac- 
tion, and the balance of $2, £95,01*2.1^ repreeentc the cost of operat- 
ing the Laboratory* 

As of 31 December 1?U6, lump sum aettleavente for a total ralue 
of $li9,50?*83 were made with the University of Chicago, for restora- 
tion of facilities* Payment of the settlements will be made with 
funds from Contract 31*109 eng-38 which includes provisions for all 
restoration in connection with the old and new contracts • 

d* Contract Wo* W-7U0S eng-39» - The Metallurgical 
Laboratory of the Univereity of Chicago also undertook the operation 
of a seal-works or pilot plant at Oak Ridge, Tenneesee, to be designed 
and constructed by B. I, da Pont de Honours and Company under another 
contract* This operation was covered by Contract So* *-7b05 <mg-39, 
which also became effective on 1 May 1?1»3 (See Vol. 2, Part II). 

2-3* Prorislon of Research racllltlee. - When the Metallurgical 
Laboratory was established, space for the neoeasary off iocs and labo* 
ratories was provided by the University of Chicago in campus buildings 
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(9m App. A 2). "The adnlnletrative offleeo vara loeated In a part of 
lakhart Ball (Sn App. A A)| the phyaloa m ma aaalgaed apaM la 
the fleet and forth Staada of Stagg Field (3m App. A 5) and la the 
Sarrlea Building (Sn App. A 10) for an of tba eyelotron leoatod 
tharai and tha eheadetry group m allomted laboratory apaM In Joaoa 
and Kant Lab u r at o n l ee. Thia laat apaM wi Taoatad alum tha lav Chaa- 
letry Building (Sm App. A 6, 7) ana ooupleted. Aa tha Projaet graw, 
tha IfelTaralty withdraw Ita aotlrltlaa fron Sakhart Ball and tha ad- 
joining ftyeraoa Ball (Sm App. A S) and thaee tan bulldlnga vara alaoat 
antlralj oeeupled by tha attallurgloal Laboratory. Later, apnoa vsa 
aaalgaed In tha laataay Building and BUllnga Hoapltal (8m App. A B, 
9) and tha bulldlnga mom known aa Draaoal Bomo (Am App. A 9) and 
KUla Laboratorj (3m App. A 10) vara turned owar entirely far tha uaa 
of tha baalth troop. 2n all, tha Batallurgloal Laboratorj oeeupled 
approxlmtely 209,000 eavare faat of spaaa la oai^nia bulldlnga (Sm 
App. 13). Proa tlaa to tlaa ( aodifloatlona and altaratloM to thaee 
eanpM bnUdlnga had to ba aada la order to adapt than to tha aeede of 
a oonoautratad, avarahanglag raaaarah and deualopnant prograa, and to 
aafca all of tha apaM oeeuplad a ■Bnotrletad" aroa for obrioue aaeurltj 
raaaou (Sm Book I, Vol. U). In addition. Interior nodif iaatiane 
vara aada in tha Beyaolda Stndant Clubhouae, Baroaa Laboratory, tha 
Botany Building, tha Alpha Delta Phi fraternity bouse, and tha Inaeun 

i 

of Selaase and Induatry to adapt than for tba um of Ifedvereity 
fonetlcHia dlaplaaad by the taking over of other eanpue bulldlnga by 
tha Metallurgical Laboratory. Thia vork m aaooapllahad originally 
by the TJalTerelty'a Bulldlnga and Qrounda Depertnant, and latar by 
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Laboratory suboontraeta and purchase ordera auperrleed by the Chicago 
Area Qffloa of tha ■ftnhattea District. Tba eoat of thaaa alteration*) 
anounted to approxinately $131,000 under mhoon tracts and purohaoe 
ordera (5m App. D 2) udu satinets* $300,000 for work dona by 
Uadwuraity for at a. 

•• fiflfcVleV - to the auenar of 19U. it bseaar evident that 
■ora re —arch faailltlaa would ba required la ordar to expedite 
eoooaplisbnaot of tha objsetiwee of tha latallarglaal Laboratory. 
Since tha faeilitlaa that tha fflaiwaralty of Chicago wi abXa to supply 
had been owertaaad by tha rapid expansion of tha Vatallargioal Pro j oat, 
It was daoldad to oonatnwt sawaral naa buildings. Tha aanbattaa 
Dlatrlat aatabllahad tha Chloago Araa Qfflaa la August 1942 to laaaa 
tha proparty required aad to supervlss tha construction work. Tha 
Stoaa sad Wabatar Ihglnoarlng Corporatloa had aaeaptad a contract. Bo. 
1*7401 ang-13, to porfora architect -engineer aaaagaaent aarrleea far 
all construction raqulrad by tha Manhattan Dlatrlat. (It wan lata* 
deterulnad that It would ba ncceeeary for othar ooatraetora to taka 
part la this work If tha Pro J act waa to ba aoaplatad oa aahadula.) 
Plana to construct a pilot plant naar Chleago for aaall aeala pr o duc- 
tloa aad aaparatloa of plutonluu wara raooaaldarad aad It waa daoldad 
to eonatruot thla plant at a nar« raaote looatlaa undar anotbar eon- 
traetor (Saa Tol. 2, Part II). Stoaa and Wabatar than praparad tba 
design and auparrlaad tha construction of aa axperlnantal Pllo build* 
Ing with ralatad laboratoriee, aad a ahaalatry laboratory building. It 
waa latar found necessary to aora than doubla thasa faallltlaa to taka 



care of the growing program. 

b. Argonna Laboratory (See App. D 2) . - For security 
reasons, it was fait that experimental work in a Pile laboratory could 
boat ba handled away from population centera. A decision was mada to 
eonatruet the laboratory in an laolated area on a aite f aeleeted in 
June 19U2 by Colonel Marshall, District Engineer, about twenty silea 
southwest of Chicago in a Cook County Forest Preserve known as the 
Argoimo Forest. This location was chosen becauae it was aufficiently 
isolated and yet within easy counting distance of the University 
campus (See App, A l f 3). With the assistance of the Real Estate 
Branch of the Qreat Lakes Division, U. 3, Engineers, a lease was 
negotiated between the Foreat Preserve District and the War Department 
for the use of 1088 aeree of thia area at a rental of one dollar, for 
the duration of the war and one year (See App. C 19). The construction 
of the original laboratory building, serriee buildings, an access road 
and protective security fencing was initiated in September 19U2 and 
completed in the early part of 19u3« In August 1<&3» construction 
was started on a new laboratory for a "hoary water"* Pile and necee- 
sary serriee buildings at this site involving the erection of eight 
buildings landing a dormitory and mess hall for resident members of 
the Contractor 'a staff. In addition, a 328-foot well was drilled to 
provide adequate water supply and a 75,000-gallon a teal water tank 
was erected for atorage capacity. Thia work was completed in October 
lM (See App. A 3, A 11-15 J D 2), 

o. New Chemistry Building . - To take care of the expanding 
chemistry group it was found neceeeary to provide 20,000 square feet 



of laboratory apace a pec 1*1 ly equipped for developing ■•paratlon and 
purification processaa for uranium-235 and plutoniua-239. The Uni- 
vsraity offered to lease to the Government, for thie purpose, 0*73 
of an acre of land loeatad at 56th Street and Ingloeitie Avenue (See 
App. A 2), then occupied by tennie courts, for a one dollar rental 
fee (See App, C 20). Stone and debater alee acted aa architect- 
englneere for thie eonetruetlon under Contract No. VWUOI eng-13. 
*ork was initiated in August 19U2 and completed in December 1?U2 
(See App. A 6, 7) 0 2). In May 1?U3» the cheaistry □rograe. had 
been increased to the point where it was necessary to provide 
additional facilities for thia work. Action was taken to supplement 
the above leaae to include an additional 0.85 of an acre of land ad- 
jacent to the New Cheaistry Building on which to construct a 30,000- 
square foot annex (See App. A 16, 17). This New Cheaistry Annex wac 
completed ia November 19k 3 • Extensive modifications to the New 
Cheaistry Building ware also necessary and were started in February 
19hk, Thia work Included the installation of a complete ventilation 
system to provide dust free laboratory spaoe for research on Pluto- 
nium. This work was completed in October 19Uh (See App. D 2). 

d. Site 8 . - la April 1?U3, the University made availa- 
ble to the Metallurgical Laboratory an ice house and atablee that 
it owned at 6111 University Avenue in Chicago (See App. A 1, 2, 18). 
Thia location, known aa Site B, was remodeled and enlarged to pro- 
vide laboratory, ahop, and service faoilitiee for the rapidly grow- 
ing metallurgy and health divisions of the Project. These facili- 
ties were completed for occupancy in June l°b3» As the technical 
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and health urograms oontinued to expand, It wu neeeesary to double 
thaao faoilitiee in tha fall of that year. In all, approximately 
62,670 square faat of facilities woro prorldad at this looation (3oo 
App. B 3| 0 2). 

•• Araor y » - Te solve tha erltieal space problem a loaae 
(Sao App. 0 21) was negotiated in March 19kk, batman tha Stata of 
niinola and tha U. 3, Oo wn mo at , far tha uaa of tha 12lita Plaid 
Artillery Armory loeatad at 52nd Street and Cottage Grove Avenue la 
Chicago (Saa App* 1 1, 2, 19), Bxtaneive altaratlona and nodi flea* 
tlone vara aada to ooavert tha apaoa taken over to laboratorlea v 
ahope, •took rocae, and offlaaa for the Laboratory adminletrativc 
paraonnal and the staff of tha Chleaga Area Offloa (Sea App. B Jj 
D 2). 

f a Construction Coats * • All of tha above construction 
waa aeeoaplished under leap son centra eta let by tha Go ve rnm ent or 
tinder cubeontraets of the University* A total of 360,000 square 
feet of new facllltlea were constructed and/or leased st a cost of 
approximately $2,000,000 (Sea App. B 3f D 2), Since September 
no major construction has bean undertaken. However, soaa alterations 
and modifications to existing facilities ware continually being aada. 
Ibis work was serried out under the supervision of tha Chicago Area 
Engineer by aeana of University of Chicago auboontrsets. 

2-£. P r ocur eeent of Materials . • The subject of tha proeurenent 
of feed materials for tha atomie bomb program is given complete 
treataent in Book ¥11. However, the procurement of the speoial mate* 
rials required to initiate and carry out the raeearoh program of the 



Matallurgioal Laboratory la -orthy of raontlon hara. la 1948 t prooura- 
siaxxk of uranium and graphita was primarily tha rsaponalbllity of tha 
OSBD 3-1 3a ot Ion Planning Board* Small amount! of uranium oxlda and 
aatal vara purohaaad by tha Laboratory with tha aaalatanoa of 08 W) 
from <aatlnghouaa Elaatrla and Manufaaturlng Company, tha Matal Hy« 
drldaa Company, tha ■alllnakrodt chanloal fforfca, and tha Canadian Ha* 
dim and Uranivai Company* with tha taohnloal aaalatanoa of tha mv- 
tlanal Buraaa of Standarda p graphita of aufflalant purity was obtained 
from tha Rational Carbon Company and tha Spaar Carbon Company* Za tha 
fall of 1941* produotloa faeilltlaa far produoing uranium aatal of 
euf fie lent purity ware oetabliahed at loam State Callage under an OBfiO 
oontraet* This work «ma oontlnuad undar finahattan Dlatriet Contraew 
So* »»7e05-eng-T* J^nngementa alaa wara aada late In 1941* by tha 
Manhattan Oiatrlot p for tha lnoraaaad produotion of natal by tha 
Malllnokrodt Chamloal Worka aa wall aa tha Union Carblda and Carbon 
Corporation and tha dm Pont Company* Early in 1943, tha Manhattan 
Dlatriet took orar all proouramt nt of auoh oatarlala for tha Uatallur* 
gioal Pro>ot a In addition to tha abowa, the following amtariala 
wara proourad by tha Ooveraaent for tha oontraotoret radium 0 plati- 
num, iridium 0 fluorine, and hydro gan fluoride, oalaiua v taagetea, 
thorium, and baryllium* Tha Uniferalty of Viohigaa undar Contraew 
iv»740l-enf<»91 prepared a nuabar of pura ohamioala for uaa in tha 
pur lfl oat Ion raaaaroh program balng dona at Matallurgiaal Laboratory 
and alaawhara* 
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SEC7I0W J - DEVELOPMEM? OF PILES 

>■!♦ Trim of Pilne* 

a* Introductory Concepts * • Certain fundamental oonaidera- 
tlons of fi*alan and the chain reaction have already been presented 
(8m Psr. 1-$)* The fission process, and tha formation and ■noo-fie- 
elon" Iom of nratrona within a Pile, rsquiree aona amplification la 
ardor that tha raador nay appreciate tha probleme involved In deelgn- 
ing a Pila, Within tha Pila Project, tha priaaiy purpose of tha Piln 
Is to produce plutonium by a nuelssr roaetion which auataina itaalf • 
Unfortunately, many of tha neutrons produced in tha Piln by fiaaion pro- 
ooaaaa ara nonproductive fron thia viewpoints Sana of tha nautrona ara 
abaorbod in tha Pila natariala othar than tha uraniuuj othara ara loot 
by laakagaf still othara ara abaorbod bj tha uraninn or impurities in a 
manner eueh that (1) radioaetlTa by-prodncte, and not plutoniun, raault 
or (2) em fiaaion (to continue tha raaetlon) occurs* If too many nau- 
trona ara abaorbad without fiaaion occurring, or, area though fiaaion 
doaa occur, if tha number of nautrona aadttad by tha fiaaion proeaaa in 
too small, tha raaetlon will not auatain itaalf and will dia out* Thorn, 
in n Piln, if a apaaifie nuabar of f irat-ganaration nautrona la produood 
by fiaaion, a carta in nuabar of than will ba inaf festive for tha reaeons 
Just deaeribed* Soms of than, however, will ba sffoctivs and will causa 
fiaaion, tharaby producing mora (naxt ganaratlon) nautrona* If thasn 
flnaiono ara auffioiantly numarous and effective, thia naxt ganaratlon 
will have an equal numbar of nautrona and tha system in chain roast- 
ing* Thia change in tha number of nautrona from one genaretion to the 
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next is described, mathematically, by * factor called the "raultiplica- 
tian factor" or "reproduction constant and is designated by th« latter 
*k." It is the factor by -which the average number of neutrons in a Pile 
change* during one generation* rhua, if 100 neutrons at the start of 
»a generation cause fiasion that produce 10$ new neutrons available to 
cause additional fission, the multiplication factor is 105/100 or 1.0$. 
Clearly, "It" vuat have a Talus equal to unity, or the system would not 
be a aelf-eustaining , chain-reacting unit* Within a Pile, a eyriad of 
factors affect the value of "k" and all of them have to be taken into 
account in the design of a chain reaction that would maintain itself* 
At the outset, the ultimate success of the entire Pile Project was 
syno ny mou s with the construction of the first chain-reacting unit (See 
Par* 3-2) in order to demonstrate clearly that such a unit or system was 
actually attainable — not just theoretically possible* 

b* Pile Materials * - The aateriala that comprise a Pile nay 
be divided into five categories in accordance with their purpose* Brief- 
ly, theae categories are the uranium, the moderator, the coolant, the 
Pile shield, and the auxiliary equipment, including control devices, 
equipment for insertion and removal of the uranium, and recording instru- 
ments* The part that uranium plays as the "raw material 11 in the produc- 
tion of plutonium in the Pile has been amply described (See See* 1)* 

(1) Moderator, - It has been mentioned (See Par* 1-5) 
that fast neutrons can be slowed down or moderated by certain substances. 
The slowing down of these neutrons is a result of a series of elastie 
collisions between high speed particles and particles virtually at rest. 
The more nearly identical the mass of the fast-woving neutron and the 
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particle that ia struck by it, tha greater is tha loss of kinetic energy 
by tha neutrons. Consequently, substances or elements with nuclei of 
low mass are moat effective as moderators. These elements are the so- 
called "light" elements such as hydrogen, helium, lithium, beryllium, 
boron, carbon (graphite), and deuterium oxide (heavy water). In addi- 
tion to the requirement of low atomic weight, another requirement 
(among many) of a moderator la that its tendency to absorb neutrons be 
very low— too high an abaorption of neutrons by the Pile moderator 
may cause the Pile multiplication factor M k" to be lsss than unity, 
thus making the chain reaction impossible* Thus, by a series of 
elastic collisions between the fast or high energy neutrons, resulting 
from fission in the Pile, and the nuclei of the moderator, the energy 
of the neutrons is reduced to very low or "thermal" energies. This 
reduction in energy of neutrons to thermal levels is required in order 
to establish a favorable balance between the relative number of neutrons 
absorbed by the uraniua-235 (resulting in fission to produce more 
neutrons) and those captured by the uraniua-238 to produce plutonium, 
since low-energy neutrons are more effective than fast neutrons in the 
fission of U-23S Conditions for this favorable balance must be created 
within the Pile by use of a moderator and other aeana, otherwise there 
would exist an unfavorable condition in which neutrons would be more 
readily absorbed by the ll*0 times more abundant U-238, with a consequent 
reduction in the number of neutrons available to cause fission in the 
rare isotope U-23J, resulting in the discontinuance of the chain reaction 
and the cessation of Pile activity. Consequently, major problems assoc- 
iated with the design of the Pile, as for example, the moderator, arose 
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from the primary necessity of promoting fission to sustain ths chain 
reaction. 

(2) Coolant . - Sine* ths production of appreciabls 
neurits of plutonium in a Pils is acconpanisd by ths continuous libera- 
tion of snsr gr in ths font of hsat f s cooling system is required to draw 
off and dissipate this heat in order that ths Pils may oper te for ex* 
tended periods of tlx*. Substances used for cooling nay be divided into 
three classes] namely, cases, liquids, and nolten metals. Nuclear, 
physical, and engineering considerations established ths following . 
criteria for a Pils coolant i 

1. Low absorption of neutrons. 

2. Chemical stability. 

3. Desirai Is theraodynamie properties. 

U. Resistance to radioactive disintegration. 
5. Simplicity of design of cooling system which 
includes pumps, heat exchangers, circulatory 
system, and auxiliary equipment. 
No one coolant satisfied these criteria completely. Among ths gasss, 
air or helium could be employed. In the case of liquids, ordinary water 
and heary water (deuterium oxide) offered possibilities of use. Other 
possible coolants Included liquid bismuth and alloys of lead and bis- 
muth, tach of these coolants had certain advantages and disadvantages 
for use in a Pils (See Vol. 3)* 

(3) Shield. - fthil* in operation, a Pils emits radiations 
of various types. Fhese radiations are definite health hazards to oper- 
ating personnel, sines they are somewhat similar to X-rays, To prevent 
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personnel f ram being exposed to this hazard, a Pile requires a shield 
to confine these radiations safely within the structure* The shield 
also serves as a major structural aeeiber of the Pile* Various mater- 
ials or combinations of materials could be used as a shield* Thick 
walls of concrete appeared the obvious sad best, although concrete and 
water, ■■aconite, or lead could also be usedf as could also a ffirMna- 
tion or ■sandwich" type shield of mssoaits and iron or other materials* 
o. Lattice . - The essential Pile ingredients for production 
of plutoadun by meleer reactions are the uranium and the moderator* 
The extent and nature of nuclear reactions that occur within ths P He- 
are dependent upon ths manner in which the uranium and moderator are 
placed or distributed in the Pile with respect to each other| upon ths 
comparative volume and weight of ths uranium and moderator! and also 
upon ths physical shops of ths pieces of uranium metal and ths moderator. 
Ths geometrical arrangement of pieces of uranium in ths moderator Is 
termed the "lattice* However, to describe a speeifls lattice uniquely 
requires a pre dee delineation of considerably more factors than those 
just described (See 1 p. 0 3)* a Pile employing a fissionable material 
such as uranium in ths form of either lumps or definite shapes (cylind- 
rical, apberieal, or cubic) imbedded in a moderator is termed s Pile 
of ths "heterogeneous" type* This type of Pile is to be contrasted to 
a type termed ths "homogeneous" type, in which the uranium is in ths 
form of fins particles mined with ths moderator! or in which ths comp- 
osition of ths material within ths ?ils is uniform throughout* Like 
ths moderator, the general purpose of the precise arrangement in a 
heterogeneous Pile, in contrast to a homogeneous Pile* is to promote 
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fission to sustain the aha in reaction. 

d - Descriptio n of Pile Troon . - Within each classification 
as to type (heterogeneous rs. hoeogeaeoua), Piles are customarily das* 
ctrlbed with respect to ooolant »nd moderator. For example, a Pila could 
be described as aa air-cooled, graph! ta-aoderated, heterogeneous typsj 
or a water-cooled, heavy water-node rated , honogeneoue type. Thus, 
various coolants oould be eouMnod wits different aodarators to fom 
different oomhlnations such as the fallowings graphite M od erated, with 
helinsi, air, or water as a ooolant | or heavy eater-noderated, with air, 
heliun, water, or heavy water aa a coolant. Hails these substances oaa 
he easily enunsrated for possible use In s Pile, obrious naeleer physi- 
cal engineering oonslderstions led to the alinlnatlon of sons of then 
st the outsat. Other possibilities ware investigated to s considerable 
extent before they, too, were di s car de d for less obvious reasons (Sea 
Par. 3-3). As baa been pointed out above, the prlnary purpose of both 
the nodarator and lattios is to proaote fission in order to sustain the 
chain r naot ion. The likelihood of effective fission nay ba Increased 
by still another nsthod which is a sharaeteristis of a type of Pile 
known aa an "enriched* Pila (Sea Vol. 3). It is the isotope uraniun- 
235 that is the highly fissionable naterial in uraniun, but it exists 
In uraniun only in about one part in 1A0. Also, the abundant isotope 
1-23* captures neutrons, without fission resulting. If the 0-235 oould 
be separated fron the B-23# f * PH* using a high concentration 
(snriehnant) of 0-233 could be constructed, the probability of fission 
occurring to sustain a chain reaction would bo greatly enhanced. 
3-2. First Chaln-»e 1 ||C^W awatsaL. 

3.6 



a. Introduction* - It was recognised la the early stages of 
investigation that a mathematical analysis of the processes Involved in 
neutron absorption and r« production could not giro the degree of accur- 
Mr required for actual construction of a high power, chain-reacting 
unit* The varied factors to be considered were so complex that expert- 
mental determination of neutron reproduction constants of suggested 
systems was necessary* 

b. Laboratory Piles , - The first experimental Piles which 
were constructed at the Metallurgical Laboratory were hetsrogeneous 
ays terns of uranium metal, uranium oxide, and graphite* Many such sys- 
tems (called lattices) were subjected to neutron irradiation from ex- 
ternal "radium-barylliun sources ll e and the University of Chicago cyclo- 
tron* Then* by means of probing channels through the lattices ( measure- 
ments of neutron intensities within the systems were mads* Theoretical 
calculations of Pile factors were thus checked against experimental 
findings* The experimental lattice work provided essential information 
on the following major problems i 

1* The multiplication constant "k" was shown to be 
greater than unity for certain lattices of uranium 
metal* uranium oxide* and graphite of the purity 
available to the Project* 

2* "Thermal stability** sxperlments indicated that the 
"reactivity** of the systems undsr investigation be- 
came less as temperatures increased. Therefore, an 
accidental rise in temperature was not likely to in- 
crease the development of energy, causing a further 
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rise in temperature, and a probable catastrophe, 
3* The -value of using large lumps of uranium, Instead 
of relatively small pieces, for optimum neutron 
utilisation was established* 
U. The importance of delayed neutrons In controlling 
Plls operation vraa confirmed. A small percentage 
of the neutrons available for uranium fission are 
delayed for periods ranging up to a few seconds 
after the splitting of the uranium nucleus. This 
phenomenon produces a lag in reactivity of a Pile 
instsad of a rapid multiplication of energy which 
would result if all fission neutrons were instan- 
taneously liberated. The experimental Piles, in 
particular the first chain-reacting unit describ- 
ed below, measured the effects of delayed neutrons 
on Pile reactivity and control, 
c. First Chain-Reacting Pile . - fly October 19U2, sufficient 
materials were available to attempt the construction of a self-sustain- 
ing, reacting unit. It was designed as a spheroid of graphite blocks 
containing bricks of uranium and uranium oxide in the proper geometri- 
cal spacing. Movable strips of neutron-absorbing cadmium metal were 
inserted in the Pile as construction advanced to keep the neutron radia- 
tion low enough to prevent accidental attainment of the chain reaction. 
Measuring Instruments were also placed at strategic points for purposes 
of constantly checking neutron Intensities and energies. Thus, it was 
discovered that critical conditions were attained before the lattice 
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was completed, i.e., the Multiplication factor exceeded unity. As 
a reault, the final shapa of the Pile approximated a flattened aphere 
with a polar d laa atar of about 20 fact and an equatorial diameter of 
about 26 fast (Saa App. C It). 0a 2 Daoaabar 19U2, operation of tha 
Plla waa started at an energy level of J-watt by careful partial 
withdrawal of the oadmlun metal a tripe. On 12 Dacenbar 1?U2, tha power 
level waa raised to 200 watte. However, the latter poeer level could 
not be aaintalned because of the radiation hasard to people in the 
vicinity* Therefore, the testing waa continued at the J-watt level 
until the Argenne laboratory (See Par. 2-4) waa constructed. Zn the 
early part of 19h3, the flret chain-reacting unit waa disaantled t 
lta can pus site and reaaaeablad with proper "biological shielding" • 
for higher poeer outputs at the Argoane Laboratory. 

>J. Piles Conaldered for Plutonium Production . 

a. Theoretical Conelderatlone . • Certain types of Piles 
and various poeeible ccolante and noderatore have been enueerated In 
the previous paragraph. Barly considerations, however, led either to 
the outright elimination of certain materials, or to the deteraination 

. that definite advantages accrued in the usa of one type of aaterial over 
another. Late in l°Ul 9 it was shown that tha heterogeneous type of Pile, 
eaploying a lattice, poeeeseed definite advantage a over a hoeogeneoue 
type (See 1pp. C 5). Of the poeeible eodsratore, lithium and boron were 

quickly discarded because of their high tendency to absorb neutrons. 

He line., likswlss, waa struck from the list of likely moderators since, 

being a gas, its neutron moderating properties were relatively low under 

■ 

normal pressure, and also, being chemically inert, helium forms no 




compounds. In the case of the coolants — air, water, helium, bismuth, 
and heavy water — none was eliminated solely on the basis of theoreti- 
cal considerations. Thus, early considerations narrowed the choice of 
moderators to either water (a compound of hydrogen), beryllium, carbon 
in the form of pure graphite, or heavy water} the choice of coolants 
lay in either air, water, helium, bismuth, or heavy water* It is to be 
realized that no one choice of moderator and coolant was better in 
every respect than all the others, and certainly none of them could be 
guaranteed to give smooth, trouble-free operation. 

b. Practical Considerations . - In addition to the theoreti- 
cal considerations, certain practical considerations led to the further 
elimination of certain pile types and materials. Such practical consid- 
erations included the complexity of a cooling system for a specific cool- 
ant} Pile efficiency] relative plutonium production rate} safety of oper- 
ation} ease of insertion and removal of the uranium} speed of construc- 
tion} availability of materials} and status of knowledge (in mid-19u2) 
of Pile design in foreseeing possible trouble and complications. The 
enriched Pile was eliminated at this time because of the scarcity of 
uranium-235 (See Book VII). The use of heavy water as a moderator or 
coolant for a production Pile was eliminated on the same count as there 
were only a few kilograms of heavy water available and it was estimated 
that two years would b» required to supply adequate amounts. Heavy 
water and the heavy-water Pile, however, offered distinct advantages 
that warranted the continued production of heavy water and development 
of heavy-water Piles in the event that insurmountable difficulties arose 
in the use of other Piles for plutonium production. Actually, a 
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comparatively small heavy-water Pile waa built (See Par* and haa 
proved to be an invaluable Instrument in the study of nuclear physics. 
Beryllium appeared to be considerably leas advantageous than heavy water 
and just as difficult to obtain. In the case of gaseous coolants, hel- 

- 

iua offered many advantages over air* In particular, the inert quality 
of helium lessened corrosion problem arising from chemical reaction of 
the coolant with the Pile materials. Bismuth as a coolant had certain 
advantage* in comparative plutoniun yield and rate of plutonium produc- 
tion. These advantages, however, were sore than offset by the diffi- 
culties in handling an intensely radioactive molten metal | and also by 
the fact that the use of bismuth as a coolant would require the use 
of "uranium carbide"* in the Pile instead of uranium (the melting point 
of uranium metal being lower than that of molten bismuth), and the manu- 
facture and fabrication of uranium carbide presented many serious prob- 
lems that would require long-term study* 

c. Statement of Problem at End of I9u2. - Thus, for the 
purposes of designing a plutoniao -producing Pile of high output in as 
short a time as possible, theoretical and practical considerations, by 
the end of 1?U2, had narrowed the choice of a moderator to one, namely, 
graphite} and the choice of a coolant to two—helium or water. *t is 
to be realised, however, that the elimination of certain possibilities— 
for example, enriched Piles and heavy-water Piles—from a role as high- 
power plutonium-production Piles was a result of a situation existing 
in 19U2. Questions of whether or not a graphite-moderated, water- or 
helium-cooled heterogeneous Pile was the best type of Pile from all 
points of view, could be answered only as a result of considerably more 
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research after alternative Pile materials became available. In the 
meantime, however, a plutonium-producing Pile had to be built. Before 
construction could start, h o wev er , there remained the one question 
ae to whether it should be water- or helium-cooled. 
>lw Argonne Experimental Pilee 



in the West Stands was dismantled early in 19h3 (See Par. 3-2) and its 
materials were used in the construction of a uranium-graphite Pile in 
an isolated location about 20 miles southwest of Chicago (See App. A 1). 
Early investigations of possible plutonim-production Pilee revealed 
that the use of heavy water as s moderator had certain advantages, but 
ths amount of heavy water then available was negligible, and graphite 
moderation was chosen for production Piles. However, a program was 
established for the production of heavy water (See Book III) for possible 
alternative use in production Piles, and also for use in low-powered 
experimental Pilee that would serve as a source of valuable information 
on this type of Pile and also as a valuable experimental instrument for 
use in the design of production Pilee. A heavy-watermoderated Pile was 
constructed early in 19kk at the same isolated location to which the 
graphite Pile was moved. This location is known as "Argonne" and the 
two Piles and experimental facilities are known as the "Argonne Labora- 
tory" (See App. A 3). 

b. Argonne Uranium-Graphite Pile . - The greater part of the 
materials used in the Argonne uranium-graphite Pile was taken from the 
test Stands Pile after the latter was dismantled. However, the Argonne 
Pile, known as the CP-2 Pile, was built substantially cubical in shape, 



a. Introduction. - The first chain-reacting unit constructed 
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instead of spherical, and contained considerably more uranium. This 
CP-2 Pile is about 30 feet square la plan and about 25 feet high (See 
App. A 20), The lattice consists of • geometrical arrangement of 
graphite blocks, bored with cylindrical recce sea in which small uranium 
cylinders are inserted. The Pile is shielded on all aides by s concrete 
wall 5 feet thick, and on the top by s six-inch layer of lead and 50 
inches of wood* The Pile contains about 52 tons of uranium and 1*72 tons 
of graphite, and firet became chain reacting in May Its overall 

multiplication constant "V* Is about 1.055 (Sss App, 0 6). No cooling 
system was provided for this File so that it is normally operated at a 
power level of only a few kilowatts, although the power level has been 
raised for brief intervale. This Pile has been used extensively for 
determining the "neutron-capture cross sections"* of many elements which 
might be used in future Pile construction or might be present as Impur- 
ities la Pile materials. It has also been used for studies of shield- 
ing, controls, thermal stability, and instrumsnts, ss well as a train- 
ing school for production operations. 

e. Argonns Uraniun>4Ioovy»Wator Pile . - The reacting unit of 
this Pile, known as the CP-J Pile, is a cylindrical aluminum tank with 
a diameter of six feet, in an upright position (Ses App* A 21-23)* The 
tank is filled with heavy water. The cover of the tank is pierced with 
holes regularly spaced, through which aluminum-ehsathed uranium rods 
project vertically into the heavy water in the tank. The system (includ- 
ing tank and cooling system) requires approximately 6.5 tons of heavy 
water, and 121 rods suspended vertically in the heavy water. The tank 
itself is surrounded by s grsphite "reflector" which serves to reflect 




neutrons back into the reacting unit. A lead shield surrounds the re- 
flector. The usual biological shield of concrete surrounds the entire 
structure* The top of the structure is shielded by several layers of 
thick, one-foot square removable H bricks" composed of alternate layers 
of iron and masonite. Various holes for experimental purposes traverse 
the shield. Control is achieved by rods of neutron-absorbing material 
which are pivoted so as to swing down and dip into the heavy water. 
Cooling of the Pile is accomplished by circulating the heavy water 
through an external water-cooled heat exchanger system. Safety feat- 
ures for emergency purposes include an automatic mechanism which can 
plunge the control rods into the heavy water} and also a subterranean 
tank into which the heavy water in the reacting unit may be dumped 
rapidly. The CP-3 Pile became chain reactive in May 19kh and was oper- 
ated at full power (JOOkw) in July 19hh. Both the CP-2 and the CP-3 
**iles at Argonne have pro •sen to be extremely valuable instruments In 
the general study of nuclear physics and in the testing of materials 
for use at other sites (See App. C 7)* 

3-f>. Selection of Graphite. *ater-Cooled Production Pile . - % 
the end of 19 U2, it had been determined that a plutonl urn-producing Pile 
of the heterogeneous type employing graphite as a moderator appeared 
the best from mo t theoretical and practical viewpoints. Actually, 
scientific design and technical data regarding various types of Piles 
was incomplete, and it was not possible to raake a carefully weighed 
decision as to the best type of plant. let a decision was necessary in 
order that full scale design and construction could get under way. The 
one decision remaining was whether helium or water should be used as a 





coolant. 

a. Helium Cooling . - The Metallurgical Laboratory favored 
helium cooling during the early stages of investigation. Preliminary 
plans for such a plant were drawn up, and it was felt that full seals 
design could be achieved sore rapidly for the helium-cooled plant than 
for the water-cooled plant. Among the many recognised problems inher- 
ent in helium cooling werei 

1. The large quantity of helium required. 

2. The early procu reme nt of high-capacity blowers. 

3. The relatively low power output per kilogram of 
uranium metal. 

U. The difficulty of charging and discharging the Pile, 
especially if the helium were under considerable 
pressure. 

5. The removal of neutron-absorbing impurities from the 
large quantity of helium. 

6. The hasards resulting from leakage of the radioactive 
g»*. 

7. The relatively low heat-absorbing capacity of helium, 
making it desirable to maintain the helium under 
pressure with the attendant need for an enclosing 
pressure tank. 

In spite of these evident difficulties, however, a design for a helium- 
cooled Pile was prepared by the Metallurgical Laboratory in considerable 
detail (See App. C 8). This design was submitted to the du Pont Com- 
pany who initially accepted it. 
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b. Tatar Cooling * - i?hile the deeignc of the helium-cooled 
plant war* being worked out, further experimental reaulta Indicated that 
water cooling was poeeible and tentative plana were prepared (3ee A pp. 
C 9) on a water-cooled production Pile* Thee* plana made proriaion for 
the uae of either of two coolant ■water or "diphenyl"*— neeeaaitating 
only minor changes to the plant in going free one type of cooling to the 
other. The only conatruetion change that would be neceeaary in the Pile 
proper In going from water cooling to diphenyl cooling would be to 
inereaee the thickness of the annular apace between the slugs and the 
aluminum tubee (See Vol. 3)» Disadvantages in thia type of Pile were 
aleo apparent. The advantage of a leaeer volume of coolant was part- 
ially offset by problana of corroaion caused by the water or diphenyl 
in contact with the Pile materiel* t and the radioaetiTity "pick-op* 
of the coolant in paaeing through the Pile. It was known also that 
the internal complexity of the Pile would be considerably greater if 
a liquid were employed as a coolant. 

e. Pinal Choice . - Sarly in 19h3, however, after the du 
Pont Company had atudied the proposed designs for a helium-cooled plant 
and the tentative plane submitted by the Metallurgical Laboratory for 
a water-cooled plant, including the possibility of a diphenyL-cooled 
unit, it favored the water-coolad plant in view of the engineering 
problems involved in ths design of the other two typea. The eonssnsus 
now is that water cooling was the wiseet choice. 
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SSCTIOH k - PHOBLKKS IN PILE DS3ICM 

' U-l» Introduction. - Early In 19u3 the first objective of the 

Metallurgical Laboratory, i.e., the design of a plutonium-producing 
Pile, had been reduced to the design of a graphite-moderated, water- 
cooled Pile (or several such Piles). Also, the objective had been fur- 
ther delimited by decisions as to the rate of production (See Vol. 6) 
and the location of the plant site (See Vol. U). Clearly, speed of 
construction was necessary to provide the United States with a military 
weapon of unprecedented power for use in current asilitary engagements* 

j The complexity of problems in the design of a Pile, mainly from the 

nuclear physics viewpoint, has been implied by previous discussions of 
nuclear theory (See Par. 1-U) and certain preliminary considerations 
(See Sec. 3)* These problems ware further complicated and new problems 
were introduced by technical, engineering, and constructional aspects 
of Pile development. Moreorer, in a production Pile, operating neces- 
sarily at high power, the dissipation of considerable heat was a problem 
which was not present to 3uch a great decree in low-power experimental 
or semi«*rorks Piles. It has been calculated that the production of one 
gram of plutonium in a Pile would be accompanied by as much heat as the 
burning of three tons of coal. The solution of each of these problems 
required considerable concentrated research. Some of these problems, 
such as problems of the lattice, shielding, and control rods, turned 
out to be less troublesome than others. Other problems, particularly 
those arising from the need of cooling the Pile, proved extremely 
difficult, and their solutions required, over a period of time, the 

tul 
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concentrated afforta of both tho Metallurgical Laboratory ami othar 
raaaaroh organisatione* Othar problems, too, such aa affaeta of radia- 
tion on Pile materiale, tha design of Pile oontrol inatruaenta, optical 
inatrumenta, and "remote control" devicea raquirad axtanaiTO study and 
development. 
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a. Lattice. - Tha lattioa hat baan dascribad prerioualy aa 
oonaiating of lwpa of uranium inbaddad at apaeiflad "pointa" in a 
graphita moderator* Thara vara several objeetiona to thia point lattioa 
for una in a production Pila* First, tha Pila would hara to ba aLaost 
completely disaaaanblad in ordar to remove tha uraniumj aeoondly, eon- 
eantration of tha coolant at tha uranium luapa (which ara pointa of 
maxima production of haat) would ba extremely difficult. In ordar to 
overcome thaaa difficulties, it waa dacidad to hara tha uraniun in tha 
Pila in tha fom of "cylindrical aluga"* aporoxiaataly eight inchaa in 
langth and l.k inchaa in dianatar pis cad and to and in horizontal, 
lntarnally-rlbbad tubaa with tha watar coolant flowing In tha annulua 
batwaan tha aurfaea of tha slugs and tha lunar aurfaoa of tha tuba* 
Whan tha uraniun aluga had baan In tha Pila long onough so that a prede- 
tarnlnad amount of plutoniun had baan formed, tha aluga oould ba puahad 
out of tha Pila by forcing fraah uraniun aluga Into thalr place. In 
addition* thia "rod" lattice would be superior structurally. However, 
it became neceasary then to deternine whether audi a rod lattice could 
be built with a multiplication factor greater than unity. The calcula- 
tions made by the theoretical phyaieiata were confirmed by the experi- 
mental phjaiciete, with the reault that thia form of lattice waa adopted. 




b. Shield , - Am haa beea ncntloaed prerioualy, dangerous 
and very intense radiations are eadtted by the Pile reacting unit «tea 
in operation. Thla radiation ia, la fact, so intense that if a* pre- 
oautione were takan p it would ba fatal to resale la tba neighborhood of 
a Pila for aa short a tins as one second. Farthinwrt, this radiation, 
particularly neutrons, has a pronounced capacity for leaking oat 
through holaa v cracks, or other faults. It was necessary, therefore, 
to interpose between tba ehsin-reectlng unit and tha operating person- 
nel a shlald to absorb tha dangerous radlatioas. Tha shield had to ba 
not only impervious to dangerous radlatioas, but also gaatlgbt to pre- 
vent aaaapa of radioactive gaaes. Tha problen was further complicated 
by tha fast that tha tabss la which tha slags vara placed and which 
carried tha coolant had to tr a v ers e tha shlald la order to peredt tha 
raaoral of uranlan alaga. Tha aaterlal to be need la tha shield, tha 
thickness of the shield, and a multiplicity of other probleas raqoirad 
full iaveetlgatioa la order that the shield would satisfy nuclear 
physios and engineering criteria. It waa decided to use a shield of 
about six-foot thlcknass containing alternate layere of iron and a hy- 
drogenous aaterlal. *atar was first cons Ida rod for the hydrogen-con- 
taining layers, but nasonite waa tha final choice becauee of the great- 
ar eaae and apeed with which an iron-aaeonlte shisld could be erected. 

e. Control end Safety Bods, - It was neeeaaary to control 
the nuclear reaction so that the multiplication constant "k* would re- 
Bain equal to unity. If this were not done, the reaction would baeoae 
divergent with consequent destruction of tha Pile das to excessive 
tenperaturao and exposure of sur ro u nding areas to excessive heat and 





radiation hssards. Control was achieved by '.nssrting into the Pile a 
neutron-absorbing material in the form of rods or pipes. The extent to 
which these control rods were inserted into the Pile was automatically 
rogulsted by instruments in such a manner that "It" was held at or just 

ibovs unity. In order to design a control rod it was necessary to first 
determine what neutron-absorbing substance whs to be used, how much of 
it would be required, and how much heat would be generated in the 
control rods by their absorption of neutrons, furthermore, the number, 

ilscement, and degree of control of the rods had to bo determined (See 
Vol. 3)# 

h-3« Tube ' orrosion and File Formation. - The selection of water 
as a coolant, and the uss of s "rod" lattice, required that water be 
conveyed to the uranium through tubns or pipes. Nuclear physical con- 
siderations (lorn n*utron absorption), and relative stability and 
strength in the presence of high radiation limited the choice of tubs 
materials at the outset. Further requirements of availability of mate* 
rials, relativs resistance to leakage, warpage, and corrosion lsd to 
ths selection of aluminum aa a material for coolant tubes, although it 
was realised that, even using aluminum, the problem of corrosion and 
oxidation of the aluminum by water under the effects of Pile operation 
would not be solved easily. The problem of corrosion of ths aluminum 
tubes and the formation of s film by chemical actios on ths inside of 
ths pipe was an important ons{ for leakage of water through openings 
caused by corrosion sight stop the chain reaction, and the formation of 
a thick ft In could retard coolant flow to such a point that excessive 
hasting mi^ht result* Zither of t^ese conditions, also, would require 




the removal of the tubs from ths Pils— -u arduous task that would first 
rsqulrs shutting down ths Pile, and allowing tins for decay of radio- 
•otirity i thus seriously impsding production and sxposing psrsonnsl to 
possibls radiation dangers • It was recognised early that ths method 
of solution lay in ths control of ths chemical makeup of the cooling 
water. However, it wae not a case of nerely adding certain fairly 
obrious chemioal ingredients that would retard corrosion, and others 
that would reduce film formation. Ths problea was soon found to be 
extremely complex and required sxtenslvs work for s period of about 
two years— right up to ths tins that ths production units went into 
operation* Many chemicals were investigated. Sobs, while tending to 
reduce corrosion, would hare undesirable tendenoiee under intense radia- 
tions, or, while effective at one rate of flow, would be considerably 
less effective at another. Others, while reducing fila formation at 
certain tamperaturee, would be comparatively ineffective at other temper- 
atures, or would form corrosive compounds undsr ths sffscts of radiation. 
In addition, not only was it necessary to investigate various chemicals, 
but also various concentrations of them. "Synthetic" water of the nat- 
ural composition availabls at ths plant site wae prepared in the labora- 
tory! tests were run employing various minerals, adds, and alkalies st 
various temperatures, ratee of flow, and concentrations! and ths sffscts 
undsr radiation were noted. The corrosion studiee showed that optimum 
conditions were achieved with respect to the corrosion of ths tubss when 
the water was only slightly acid ("pH"* of 6.5)« This sffsctivs acidity 
is controlled by treating the cooling water with dilute sulphuric acid 
before it enters the Pile. Other chemicals are aleo added to inhibit 
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the formation of flow-retarding film. Theee chemicals include sodium 
silicate, sodium dichr ornate, oxalic acid, and certain insoluble "scour- 
ing* solids. >Jany scientifie re porta on thie problem of corrosion and 
film formation have been written and are in the files of the Metallurg- 
ical Laboratory (See App, C 10) • 
Wi. Coatings and Canning . 

a. Introduction * - In order that corrosion of the uranium 
slug by the cooling water be eliminated and the radioactivity of the 
cooling water be lessened, it was necessary to develop a protective 
costing for the uranium slug* This work involved investigations of 
possible materials for coatings, and also, means of applying the coat- 
ings* It was neceseary that the substance selected for the coating not 
only protect the uranium from corrosion but also be relatively non- 
corrodible itself. Furthermore, it was required that the coating pre- 
vent rsdiosctivo "fission products' 1 * from entering the cooling water, 
and also be gas tight* These requirements were over and above the ever- 
present nuclear physical requirement of low neutron absorption* More- 
over, it was vital that the method of applying the protective coating 
be such as to provide s close, continuous seal to prevent water from 
leaking into the can and to insure s high rate of host transfer from the 
uranium slug to the cooling water* The problem was critical, as e fail- 
ure of the coating or Jacket not only would increase the radioactivity 
of the water discharged from the Pile, but probably would cause the slug 
to swell and bind in the tube. Were this to occur, the flow of cooling 
water would be impeded or perhaps stopped entirely, and the removal of 
the swollen slug would be exceedingly difficult. It was believed 
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conceivable at the outset that failure of the coating on a single slug 
might require shutdown of the entire Pile* Several processes were 
ultimately developed, but there was no certainty that any of then would 
prove entirely satisfactory* In fact, some modifications were made in 
the process in August and September 19hk Just before the first produc- 
tion Pile was placed in operation (See Vol. 6). All in all, the develop- 
ment of a satisfactory slug closure was perhaps the most difficult of 
all research and development problens undertaken in connection with Pile 
design and development (See Vol* 3). The complete development of a 
"canning"* process required a broad program of research including such 
lines of investigation as the following t 



1« Nuclear physical requirements* 

2. Analysis of requirements and limitations impoeed by 
Pile design. 

3. Intensive and critical appraisal of the general 
field of protective coatings and their application. 

lu Investigation of the metallurgy of uranium. 

5. Study of corrosion problems. 

6. Development of tee ting methods* 

7. Process development and manufacture* 

b* Early Cons iderat ions * - In sur ve yi ng the general field 



of applying protective coatings, ths following general technique e were 
studied and experimental work carried out on all of themt slectro plat- 
ing] hot-dipping} spray coating} cementation coating} and mechanical 
Jacketing or canning (See App* C 11). In addition, the possibility of 
developing corrosion-resistant alloys of uranium was investigated. The 





work on electroplating methods revealed that a variety of suitable 
metals could be applied to the uranium but to achieve adherence and 
continuity of the electroplate was extremely difficult, although an 
electroplate coating consisting of alternate lays re of nickel, copper, 
and lead appeared not too objectionable. The hot dip method, however, 
appeared better than the electroplating* Mechanical jacksting or 
canning also revealed definite advantagee, largely dependent upon the 
quality of the final closure, which was to be accomplished by sane 
molding technique. Of the large number of materials studisd for possi- 
ble use as a protective coating, comparatively few proved to be practi- 
cal. These included copper-tin alloys, zinc, sine-aluminum alloys, 
aluminum-silicon alloys— all of which appeared likely for use in the 
hot dip method, -'or the canning method the aluminum can appeared to 
offer many advantages. As a result of further investigations, the 

canning method employing an aluminum can proved definitely superior and 

■ 

waa selected for use in the air-cooled pilot plant erected at Oak Ridge, 
Tsaaeasee (See Vol. 2, Part II). 

c. Final Developments . - As work progressed toward the 
final choice of a coating for slugs in a water-cooled production Pile, 
the aluminum jacket remained the chief candidate. However, it was 
recognised that a can and canning procedure that proved suitable for a 
low-powered pilot plant in all likelihood ould be inadequate for the 
production Pile because of the vastly greater amount of heat developed 
in this unit. The magnitude of thie heat is such that, in the central 
portion of the production Pile, the heat equivalent of approximately 
13 kilowatts must be transferred from each slug to the cooling water. 





l o insure that this heat be removed from each slug continuously during 
the life of the slug in the lie, it -mt necessary to achieve a posi- 
tive and uniform contact between the cylindrical slug and the can, and 
teste indicated that the simple canning procedure developed for the 
Clinton pilot plant would be inadequate* These considerations led to 
a program of research to develop a method of bonding the aluminum can 
to the uranium slug* Previous experimental work in hot dipping and 
the alum! nun can suggested possible methods for bonding a can to the 
uranium cylinder* In particular, two nethods were investigated simul- 
taneously. One of theee nethods employed sine, containing a small 
amount of aluminum for the bonding* This method proved satisfactory 
from the point of view of corrosion resistance and mechanical require— 
aents but tests on the canned slug in the Argonne Pile revealed unde- 
sirable nuclear physical properties. The second method employed an 
alloy of aluminum and silicon for the bonding agent* Severe mechani- 
cal dlf f icultiee were encountered in the development of this process 
due to the comparatively small difference between the melting point of 
the alloy and the aluminum can, causing penetration of the bond into 
the can* However, it was felt that this difficulty could be overcome 
and the development of the aluminum-eilicon bond and canning procedure 
was pushed vigorously through the summer end into the fall of l?Ui, and 
wae finally adopted for use in the production Piles (See Vol* 6), The 
development of the canning procedure, however, required thorough inves- 
tigations into possible methods of final closure of the can so as to be 
gastight, waterproof, corrosion-resistant, and durable under Pile op- 
eration* Early experimental ^ork on welded closures did not reveal 





clearly that a completely satisfactory welding method could be attained* 
Consequently, two canning methods obviating the use of a weld were 
considered (See App, C 12). However, a suitable welding technique was 
developed by the use of electrle welding (with tungsten electrodes) in 
an atmosphere of argon gas (See Vol. 6). In order to insure a sufficient 
number of slugs for the initial charging of the Piles, 152 tone of 
unbonded slugs were procured and tested* A very snail fraction of this 
total was found unsuitable for operation (See Vol* 6), The extensive 
program of research required in the development of a satisfactory canning 
method utilised the facilities, equipment, and trained personnel not 
only of the Metallurgical laboratory, but also of other universities, 
Goverment and industrial research organisations, and other sites (See 
Vol. 2, Part II) of the Manhattan District Project. Worthy of partic- 
ular mention are the valuable contributions made by the National Bureau 
of Standards, Iowa State College, Massachusetts Institute of Techno- 
logy, and Bettelle Memorial Institute in the studies of the metallurgy 
of uraniust and the development of canning testing methods \ and by the 
Gkrasselli Chemicals Division of the du Pont Company in the investigations 
of possible canning materials and methods (See App. B 1). 
U-J>. Metallurgy . 

a. Scope and Objectives . * The program of metallurgical re- 
search conducted by the Metallurgical Laboratory was unusually broad in 
its scope and varied in its objectives* The metallurgical research 
activities at all times were coordinated closely with other research 
programs. During the early stages of Pile design, it was necessary to 
investigate thoroughly the metallurgical properties of various materials 
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proposed for use in the Pile, including the canning materials, metals 
for use as coolant tubes, shield materials, and the >iraniua itself. 
Various methods of fabricating Project materials ware investigated. 
These methods included hot piercing, extrusion, casting, drawing, and 
rolling. The final purification of plutoniua and the handling of the 
pure plutonium were beset by problems of a metallurgical nature. For 
example, it was necessary to develop suitable materials froa which to 
make crucibles to handle the highly reactive plutoniua, and success in 
the develo went of such n teriala was dependent upon a sound knowledge 
of the chemical and metallurgical properties of the new element, plut- 
oniua. A considerable portion of the metallurgy research program waa 
devoted to a thorough study of the alloy systems of uranium and the 
metallurgy of alternate Pile an a teriala. 

b. Contractor* (Sea A pp. D 1) . - A program as broad as this 
and as varied in ita objectives required special facilities and highly 
specialised technical skills. This work, therefore, was conducted not 
only at the Metallurgical Laboratory, but alao at other Project sites. 
In addition, the facilities of several industrial research organisations 
ware utilized. The Massachusetts Institute of Technology performed 
considerable work in the development of crucibles and the manufacture 
of experimental quantities of plutoniua} and some work also in studies 
of tho alloy systems of uranium and the metallurgy of materials of 
construction, particularly beryllium. The group at Iowa State College, 

* 

in addition to their fundamental research in the production of uranium 
(Sea Book Til), carried out excellent work in regard to uranium alloys, 
the metallurgy of thorium in connection with ita use as a possible 
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primary fissionable material, -ind preliminary fork in the metallurgy and 
production of beryllium. The work of the Qrasselli Chemicals Division 
has been described previously in connection with the canning program 
fith ^"hich considerable metallurgical research was coordinated. The 
Battelle Memorial Institute participated actively Ln the development 
of methods of fabricating uranium in slug (cylindrical) form suitable 
for canning. These and other organisations performed this research and 
development work under contracts with the Government (See A pp. B 1). 
The scope and objectives of the research programs under these contracts 
were established by the Government through representatives of the 
Metallurgical Laboratory) and the progress of the work was cheeked 
periodically. By these means, the work of each Individual contractor 
was carefully integrated with the research objectives of the Pile Pro- 
ject. Other facilities were utilised by subcontracts between the 
Metallurgical Laboratory and other organisations. In particular, 
aluminum fabrication studies were carried out through this arrangement 
by the Wolverine Tube Division of the Calumet and Hecla Consolidated 
Copper Company, the Aluminum Corporation of America, and other organisa- 
tions (See App. B 2). 

U-6. Associated Equipment. - ^Thils performing research associated 
with the design of a production Pile and the development of a chemical 
separation process, it was necessary to carry on a vigorous program for 
the design and development of certain auxiliary equipment required in 
Pile operation and chemical processes. Some of this equipment was 
available commercially and could be adapted to Project use with compara- 
tively few modifications. However, the need for most of the equipment 
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arose from the health hazard* present in the processing of highly radio- 
active substances and the necessity of determining the strength and na- 
ture of radioactive emanations. These hazards required the use of re- 
mote control techniquee which in turn, required special equipment* For 
these reasons it was necessary for the Project to design, test, and manu- 
facture equipment and instruments. A predominant role was played by 
the Metallurgical Laboratory in the d sign and manufacture of these 
instrunents, in particular, optical and electronic instruments. The 
optical instruments included horoscopes (for examination of Pile tubes), 
periscopes, telescopes, extensoscopee, peri telescopes, "fly«ye" view- 
ers, and other inspection devices (See App. C 13j Vol. 6). The main 
problems in the development of these instruments arose from the color- 
ation and other effects of radiation on their materials of construction. 
This can plication necessitated thorough investigations and tsstlng of 
various types of glass, cements, and plastics. During 19u2 and the 
forepart of 19u3» the Metallurgical Laboratory was the design center 
for the electronic instrument program. As the activities increased at 
other Project eitee, the demand for electronic instruments grew rapidly. 
During this period of Project development, the Metallurgical Laboratory 
continued research to improve electronic circuits and to design new instru- 
ments, and also expanded its facilities for the production of instru- 
ments. During ths year 19Uh-l?h$ the Metallurgical L a oratory served 
as the main source of supply for electronic instruments, i£any instru- 
ments were developed for experimental use and for use in conjunction 
with Pile operation. However, the majority of these electronic instru- 
ments ware built for the primary purpose of measuring radiation levels 
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in order to protect personnel fron excessive radiation of various types 

(Sn Book I t Vol* 7). Inatruoenta have bean constructed for tha detec- 

t 

tion and measurement of specific types of radiation such aa "alpha 
radiation,"* "beta radiation, "* gaanoa radiation, and slow neutron radi- 
ation* Other instrunents can be used for detection of several types 
of radiation* Theae instrunents also have various applications such 
as surveying of large ar ae, surveying of confined areas (probe type), 
and monitoring of air, hands, equipment, and clothing* Additional 
research faailities for the development of special electronic devices 
were obtained through Oovsmnent contract with the Victoreen Instrument 
Company, Demand for new Pile Project instrumenta and the increasing 
stringency of speeifications required a continuous instrument research 
program (See App. C lli)« 
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SECTIOI 5 - PIUS OPERATING PROBLEMS 



5-1. General . - Concurrently with the design and construction of 
Plutonium producing Piles, the research end development pro gran oonoern- 
ed itself with problsns aesooieted with successful and uninterrupted 
operation of the Piles* However, there were many troublesome factors 
which did not looej into significance until Pile operation at high power 
levels was actually attained. Extrapolation of snail seals data did 
not guarantee perfect evaluation of results under enormouely magnified 
circumstances, although allowances for all foreseeable variables were 
mads in design and construction* Therefore, research and production 
facilities were organised to collaborate on any operating problems that 
developed* 

5-2. Sffsct of Radiation on Solids (Wlgnor Bffeot) (See Vol. 6) , - 
Atoms of solid Pile materials are dislodged from their normal lattice 
positions by the constant bombardment of high energy neutrons daring 
Pile operation* Interatomic forces prevent a fraction of the displaced 
atoms from returning to their normal lattice positions* The unchecked 
development of this phenomenon of atomio dieplaeement (generally term- 
ed the "Wigner Effect") Is deleterious to the physical and structural 
properties of the Pile materials affected* Any edverse changes in ds re- 
alties, slastlo moduli, or hsat conductivities of the Pile contents would 
endanger successful Pile operation* Sines atomic displacement is 
accompanied by a storing of the energy absorbed in the process, the 
sudden accidental release of this energy during File operation ie another 
factor to be considered* Furthermore, graphite which comprieee the bulk 
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of the Pile materials, la particularly susceptible to atanie displace- 
ment ba causa of its rigid eryatalllna structure* Consequently, the 
Metallurgical Laboratory, in collaboration with Clinton Laboratories and 
Uanford fingineer forks, undartook ths development of methods for measur- 
ing and controlling the Signer Effect in the Han ford Piles. Specialized 
facilities at the Carnegie Institute of Technology and the National 
Bureau of Standards also -ware pressed into service. To date, it has not 
been necessary to reduce internal stresses caused by atomic displacement 
in the Hanford Piles* Nevertheless, research has provided the means 
to follow conditions very carefully, and methods for controlled stress 
and energy relief have been devised. 

5-3* Xenon Poisoning (See Vol, 6) . - Many of the radioactive fis- 
sion elements produced in an operating Pile are parasltio to the chain 
reaction. That is, they compete against uranium-235 for the capture 
of slow neutrons, thereby "poisoning"* Pile reactivity. Extensive re- 
search prior to the design of production Piles revealed several fission 
elements which were recognised as potentially troublesome* Fortunately, 
the extremely short half lives of most of them prevented accumulation 
of dangerous concentrations in an operating rile. However, when the 
first Uanford Pile became reactive, and a certain power level was 
reachsd, the Pile reactivity suddenly began to decrease, until after 
a few hours operation the Pile shut itself own* The fact that after 
a short shutdown period the Pile ajain could be started only to repeat 
this mysterious behavior suggested the accumulation and decay of some 
unfamiliar radioactive poison* Operating records of the Piles at 
Chicago and Clinton were searched for evidence of the same difficulty. 
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but apparently the affect at lower Film levels was negligible. How- 
ever , under carefully controlled conditions, tha phenomenon was identi- 
fied in tba Clinton Pile and attributed to a radioactive isotope of 
the rare gas xenon. This poisoning effect due to xenon was not elimi- 
nated in the Hanford Piles. However, the poisoning effect was over- 
cons by increasing the excess (the amount above 1.00) multiplication 
factor R k* by increasing the masher of slugs in the Pile and by proper 
adjustment of control rods. This pro c ed u re, h o w ever , would not have 
been possible had the original Pile designs provided for the availabil- 
ity of only alight excess *k* (See Vol. 2, Part II| Vol. 6). 

$-4». Detection of 3 lag Swelling and Can Failure. - It has bean 
pointed out previously that failure of the jacket surrounding the 
uranium a lug would seriously imperil Pile operation. A broad program 
of race arch had evolved a slug-canning process which withstood all 
tests to which it had been subjected* H owe ve r , to Insure minimum 
interruption of Pile operation, it was necessary to take into account 
the possibility of can failure undar conditions of high-power Pile 
Operation. There is no indication of failure in a can until a swell- 
ing of the uranium slug caused by water penetrating the can and re- 
acting chemically with the uranium restricts the flow of cooling 
water. Also, imperfections In the bond cause variations in tempera- 
ture at the surface of the alug. These variations cause some dis- 
tortion of the slug. Advanced stages of can deterioration ara marked 
by excessive swelling and distortion of ths alug, causing the slug 
to bind in the tube and preventing the eaay removal of the slug. For 
these reasons it was necessary to investigate possible methods of 



detecting can failure Is ita early atagaa (Saa App. C 15). Auong 
varloua methoda inveatigated ware the following i 

1. Optical Methoda . - The dacreaaa in inteueity of 
light tranaaltted through the annulua froai one 
and of the tube to the other would indicate the 
preeenee of bllatara on one or sore slug eur- 
faeeo* Coneidarahle diffieultiee were introduced 
by the turbidity of the flowing watar t and the 
turgidity in the water eaneed by the preeenee of 
iapurltlae. The aethod waa not explored further 
after the Initial teate with flowing water In the 
tubee. 

2. Sliding Collar Method, - A curved plate, with 
horaeshoe shaped crcee Motion, it allowed to float 
downetreaai through the tube. The fit of the plate 

i 

over the aluge la aueh that the preeenee of a 
blietar which attaina appreciable aiae will bind 
the plate, and can be detected when the plate in 
drawn back to ita etarting point by ueana of a 
wire, Thie nethod produced good raaulta in that 
early detection waa poeaibla. However, the in- 
duced radioactivity in the wire and reel mechaniae 
contributed aome difficult lea. The investigation 
waa diacontinued in favor of other cathode, 

3. Fealar Method . - A taut wire attached to apokee at 
each and of the tube rotates in the annulua 



parallel to the canter Hat of the slugs. A 
blister will mum tho wire to catch and the effect 
nay be fait by atraaa on tha rotating mechanism. 
The inherent diffloultlaa were caused by tho extreme 
length of tha anaulns with reference to ita clear* 
aneo, and tha ambiguity of interpretation of tho 
affooto contributed by alight bowing of tho tuba 
and misalignment of tha aluge* 

U. Slog Pusher kathode. - Tha entire row of slugs la 
poshed a abort diatanoo through the tuba and then 
returned* Incraaoe in the amount of pressu re no ceo 
aery to accomplish tho taak would indicate obetrue- 
tlona on the surface of the slugs* The method alao 
save good results, but tho constant poshing of tho 
row showed eigne of wearing through tho eon and In- 
creasing tha oxidation rate of the aluniimm. The 
nethod waa adapted and Incorporated into tha "** 
Pile operations as an auxiliary teat for detection 
of oaa swelling* 

5. RedioaotiTity of tho Water. - This la the nethod 
which waa finally adapted for use in tho Pilee. 
The water discharged front the tubes is monitored 
through a pr o p ortional counter placed at a distance 
ruch ae to giro tho comber of neutrons pre cent at a 
specific tine Interval after discharge* A almple 
automatic alarm indicates neutron density rates 



suddenly increasing anr»r the normal background, 
which in turn reflect! tha baring of aa little aa 
2$ nnu of uranivn dua to a braak In tha can. 
Suparaonia Reflection. - Investigation m and* of 
tha poaaibllity of aandlng supereonie with through 
tha ant Ira tube, thna detecting oan failure* by tha 
change* In tranantaaion, Tha aethod did not prove 
practical for tha purpose (bat we* battar adapted 
to tha taatlng of tha soundness of individual sings, 
and tha effoetivenea* of tha bond). 




33CTI0I 6 - DEVELOPMENT OF PLUTONIUM SEPARATIOI PROCESS 

6-1. Background Research. 

a. Early w Tra<w"» Studios * - Although the available quan- 
titles of plutonlua were extremsly small for many nontha after its dis- 
covery in December 1&0, chemists at the University of California were 
able to study its chemical properties by utilising its radioaotiTS 
emanations (alpha rays) to trace it through Tariooa reaction processes. 
In this way, the solubilities of many plutoniun compounds in several 
liquids were determined, eves though only mieroseople quantities of 
the substances were in existence* 1% was also shown that plutoniun, 
like many other elements, had at lsast two oxidation states or com- 
bining ratios with markedly different chemical properties. 



conference held in Chicago in April the main task of plutoniun 

chemistry was stated as ths separation and purification of plutoniun in 
the amounts required for war purposes* Subsequently, chemistry groups 
were organised at Chicago to study separation, fission products, and 
analytical problems f and a new building was erected with ths necessary 
facilities* In order to supply research workers with weighable quan- 
tities of plutoniun and fission products, several hundred pounds of 
uranium salts were exposed to neutron irradiation in cyclotrons at 
Washington University and at the University of California* About 500 
micrograms ( 5>0O«illionths of a gram) of plutoniun salts were obtained 
from these sources by the end of 1?U2* By means of special micro- 
chemical and remote control techniques, sufficient information about 



b* Organisation and Expansion of Plutoniun Studies * - At a 
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Plutonium and fission products was ssoured for ths development of ths 
separation processes discussed in ths following paragraphs. 
6-2. Osnsral Problsw . 

a. Separation and Decontamination . - Both the plutonium and 
the fission products, frosi which it was to bs separated, were present 
in the uranium in extremely small concentrations— less than 200 parts 
per million. The design of an industrial process for ths concentration 
of such relatively small quantities of desired materials in itself was 
an extremely difficult task. The formidable feature of the undertaking, 
however, was that ths minute amounts of fission product elements would 
in turn hare to be separated from the plutonium ("decontamination**) to 
an extent such that only ataut 1 part per 10 million of the fission 
products would remain. To add to the complications, ths separation 
procoss would hare to be carried out entire 1/ by remote control because 
of the deadly levels of radioactivity associated with the fission prod- 
ucts. It was imperative, therefore, that the process bs adaptabls to 
equipment that would require s minimum of maintenance and that process 
control limits be not too stringent. 

b. Tims Factor . - Another important factor that Influenced 
the nature of the development program was the necessity of maintaining 
time schedules. TThenever a decision had to bs made regarding a course 
of action, the approach taken was that which showed promise of pro- 
ducing results with ths greatest certainty in the time allotted. As a 
result, indirect methods were sometimes chosen Instead of attempting 
more direct ones, because the former seemed to be the more certain 
approach. 
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6-3. ftrocgaaae Conoldsred (Sea Vol. 3) . 

a. Introduction. - fhe oat promising proceaaee for no* 
i rat In? plutonlua froa uranium and «aaoeiated flaaion produeta nay be 
divided Into four catagori si volatility ("dry" )i adaorptionj solvent 
extract ionf and ;;rf cipltatlon (3ee A pp. C 16). In all proceaaaa except 
thoee involving volatility, it ia n eeaeary firat to diaaolva tha ura— 
nine etal containing tha plutonlua and tha flaaion produeta. 

b. Volatility Proc«eeea. - Thoaa methoda of separation of 
Plutonium depend on dlfforo ncee In vapor pressures between olutoniua 
or a plutonlua aa pound and iraniua and flaaion produeta (natal or 
compound*)* I"he only ayatea inveatigated extensively Involved tha 
fluorldea of plutonlua, uranium, and flaaion products* In thia proceae, 
tha iranlun slu^s from tha '11a would have their aluminas jaekata broken 
and then bo axposed to hydrogen to fore finely powdered hydrldea of all 
the conatituenta. Tha hydride < ould then be converted to a tatr a fluo- 
ride by treatment with hydrogen floor Ida gas at a lava tad temoeraturee. 
-"owe of the flaaion products would form volatile fluorldea at this stage 
and be carried away from the plutonlua and iranlua. Fluorine would then 
be oa aed through the reaidual material to convert the uranium and plu- 
tonlua to the hexa fluorldea, >hlch, In turn, could be vaporlaed froa 

the remaining flaaion produeta and be olleeted aeparatsly. This 
proeeae ia mechanically tha oat eirple, and tha :ranl aa *ind plutonlua 
are recovered in relatively pure, concentrated foraa. However, the uas 
of fluorldea at high temperatures oreeente a eve re corroaion problems 
in large scale operation* Furthermore, complete development wee 
iapoaeibl** without a thorough knowledge of th» dry chemiatry of 




plutonlum* Insufficient quantities of plutonlum were available to 
permit completion of such studies in time to develop a volatility 
process for lar e scale use* 

c* Adsorption Processes * - Some minerals and certain 
synthetic materials have the property of adeor inp foreign substanoes 
on their surfaces* The use of activated charcoal to remove undesir- 
able gases from the atmosphere is a well known application of adsorp- 
tion properties. Similarly, a synthetic resin, called Amberlite IH— l f 
has been shown capable of completely adsorbing plutonlum from ■ solu- 
tion of uranium salts* In practice, the solution of irradiated slugs 
is passed through e column containing the resin* The plutonlum and 
fission products are completely adsorbed from solution but most of the 
uranium passes through the column* Then the resin column is treated 
with suitable solutions to remove successively the little uranium that 
was adsorbed, most of the fission products, and finally the plutonlum* 
Further decontamination of the plutonlum can be effected by subjecting 
the dissolved material to another cycle of adsorption and desorption 
in a second coin m* This process has the advantage over the volatility 
methods of eliminating the severe corroeion problems* Among the dis- 
advantages appears the difficulty of obtaining the complete removal of 
the fission products from the r "din. Successive accumulations of these 
products produce a severe ra iation hazard* At the time it bee me nec- 
essary to select a process, high yields of plutonium and high decontami- 
nation factors had not as yet been demonstrated for adsorption methods* 

d* Solvent Extraction Processes * - This type of process 
depends on decrees of solubility of salts of plutonlum, uranium, and 
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fission products in organic liquids and aqueous solutions. The earlier 
work on plutonium extraction and decontamination was done with ether as 
the extracting agent. Time did not permit a demonstration of ths feasi- 
bility of complete decontamination or complete separation of plutonium 
from uranium. Furthermore, the explosion haaard aaeociated with the use 
of ether made this process appear almost prohibitive. The facts that 
solvent extraction is the simplest and the only completely continuous 
process for separation and decontamination of plutonium have conrinced 
research workers of the desirability of its development* Consequently, 
even after the choice of a production process had been made, solvent 
extraction studies continued. w ith the present knowledge of the cheat- 
iatry of the materials involved, a solvent extraction method now in 
laboratory development (See App. C 17) is likely to replace present 
methods in efficiency and simplicity of operation. 

e. Precipitation Processes . - Precipitation methods involve 
the formation of chemical cob pounds which are insoluble under chemically 
controllable conditions. The insoluble compound, called the precipitate, 
can then be separated from the materials still in solution by filtration, 
eentrlfugation, or settling. The extremely low concentration of pluto- 
nium resulting from Pile operations makes separation and purification 
of the element by ordinary precipitation methods very difficult because 
the precipitated particles are too diapersed and minute for efficient 
processing. For this reason a relatively large quantity of a substance 
known as a ■ carrier" • is added to the solution* This material can be 
precipitated satisfactorily, and, when its insoluble compound ie formed, 
atoms of plutonium are preferentially adsorbed and occluded by its 
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partial*! while th* bulk of uranium and fission products remain* in 
solution. Th* esirisr and earri*d material osn than b* redissolved in 
aaall*r quantities of aolution and traatod under another aat of 
conditions. Thus, by successive precipitation* and dissolutions, th* 
plutonivai ean ba separated successfully from uranium, fission products, 
and, finally, from oarriar material. Th* distinct advantage of th* 
precipitation asthod* lies in th* sequence of repeated operations, 
thereby Uniting th* number of different equipnent piece* requiring 
doelgn, and allowing considerable proaaas change without equipa«n% 
change. 



a. Choi** cf Precipitation Methods * • In the preceding pa 
graph th* principal advantage* and disadvantages associated with th* 



chemistry consisted largely of precipitation reaction* involving radio— 
ch—lcsl carrying froa which solubility properties war* deduced. It 
was logical, therefore, that precipitation methods were the meet 
advanced and were ohoeen for production unit* at th* tin* plant design 
had to ba started (June l&j). Furthermore, it was felt that if it 
were necessary to develop any ssparation process on a partly empirical 
basis, there would be leaa riek in the scale-up of a precipitation 
process than in one which had not been completely proved in th* Labo- 
ratory. 

b. Outline of Process. • Final choice of a aeparation math* 
od lay between the use of "lanthanum fluoride"* or "bismuth phosphat*"* 
as a carrier. In both of the** method*, plutonium is precipitated 
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from the initial solution of irradiated slugs with on* of tho above com- 
pounds as ths oarriorf sons fission products accompany ths lutoniua as 
contaminants. The prscipitats is than separated from ths solution and 
redissolved under another sst of oonditions such that repreclpitation of 
ths carrier will leave ths olutonium in solution and remove ths remaining 
fission products. This single process does not separate coapletely ths 
Plutonium and ths fission products, but ths oysle oan be repeated suc- 
cessively until ths desired decontamination is achieved. 

c. Final Decisions . - Lanthanum fluoride appeared to have 
ions advantage chemically over bismuth phosphate, so ths basis plant 
design was mads with ths lanthanum fluoride method in mind. However, 
there were two factors favoring ths" bismuth phosphate" proeees which 
out-wei hed those favoring ths lanthanum fluoride process. One was ths 
fact that bismuth phosphate was more readily solubls than lanthanum 
fluoride* Ths other, and most Important for large seals operations, was 
ths problem of corrosion. Fluoride solutions prossntod many more corro- 
sion problems than did the nitrate— phosphate solutions involved in ths 
bismuth phosphate process. Ths process, as finally chosen, actually 
represented a combination of ths bismuth phosphate and lanthanum fluo- 
ride proceeses with a final precipitation of plutonium peroxide (See 
App. C 18). Details of ths process as developed on a semi-works seals 
are prce nted in Volume 2, Part II and as developed on a production 
basis in Volums 6. Ths behavior of the preolpltation process in pro- 
duction hss exceeded all expectations. The high yields and decontam- 
ination factors and the relative eaae of operation have demonstrated 
amply the wisdom of its choice. Further developroente may make the 
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present process obsolete, bat the principal goal, which was to have a 
workable and efficient process for use as soon as production Piles 
were delivering plutoniua, was attained* 
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SSCTIOM 7 - ORQAHZZATIOl AJiD USOKSEL 

7-1* Metallurgical Laboratory . - The iietallurgical Laboratory 
was formed with Sr. A. H. Conpton ia the position of Laboratory 
Director, Three divisions war* sstabliahed-- the nuclear physios 
group which concerned itself with initiating a chain reaction) the 
cheaistry division which conducted research on the ehenistry of 
Plutonian and oa separation uethods| and the theoretical group which 
was interested in the) design of production Piles. In March 191*2, an 
engineering division (later to be known as the technical division) 
was added. In the summer ef 1?U2, the importance of health problems 
bscame apparent and a division to study these problems was organised. 
Under these major divisions the work was subdivided into various sec- 
tions and groups (See 1pp. B U, S). Ae the Pile Project grew in sins 
and scope, Dr. Conpton was appointed Director of the Metallurgical 
Project with S. HUberry as Associate Director. 8. L. Doan succeeded 
Dr. Conpton as Laboratory Director st Chicago. The shifting of empha- 
sis on various phases of the Project necessitated changee fron tine 
to tine in key personnel. S. K. Allison, J, C. Stearns, and 
Daniels, successively, were Directors of the Metallurgical Laboratory. 

Effective 1 July 1?U6, the Argonne Rational Laboratory was estab- 
lished undsr Contract 31-109 eng-30. Twenty-five nid-*western educa- 
tional and research institutions participated in the organisation. 
The council composed of representatives, one fron each institution, 
meets annually and elects a Board of Governors, who advise the Labo- 
ratory Director and the Contractor (the University of Chicago) on 
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matter ■ of programs and policies. Because of security restrictions, 
active participation of the institutions has not yet bean initiated. 
As of 31 December l?lt6, ths Argonne National Laboratory was devoting 
about 10% of its research efforts to problems of Hanford operations, 
specifically to development and improvement of the Redox separation 
processes and to the study of the effects of irradiation up cm Pile 
graphite, 

Frost a email group of technical personnel in the spring of 1?U2, 
the Laboratory developed into an organisation of 2008 technical, ad- 
ministrative, shop, and service personnel in July l?Uk (See App. B 6). 
As of 1 July 19h$, there were HiUU employees in the organization (See 
App. B 7)» The changeover to operation at the Argoone National Labo- 
ratory made practically no difference in personnel utilisation and, 
as of 31 December 19U6, the total number of employees was 127$ (in- 
cluding U6 part— t Lao employees who devoted an average of 59*2£ of 
their time to work for the Laboratory) (See App. 3 7a). 

7-2. Chicago Ares Office) . - *hen the Chicago Area Office was 
established in August 1<&2, Captain J. 7. Grafton was appointed Area 
Engineer. He was succeeded by Captain, now Lieutenant Colonel, A. 7. 
Peterson in December 19U2. In October l?Uu, Captain Peterson was 
transferred and was succeeded by Captain, now Major, J. H. KcKinley, 
ths Area Engineer as of 1 July l?b!>. The Area Office's first func- 
tion was to supervise construction of ths research facilities. When 
the Manhattan District assumed full responsibility for the research 
and development work in Hay 19U3, the Area Office was charged with 
all functions necessary to administer Contract Ho. W-7UQ1 eng-37 
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and the aeaoclated contracts. The organisation (So* App. B 8) 
expanded with the Metallurgical Laboratory, froat a handful of paraon- 
nal In the fall of 1&2 to a total of 21*3 in July 1?U5. Aa tha Araa 
Office assumed responeibility for Contract 31-109 ang-38, littla 
change in nuabere of personnel rosultod ao that, oa 31 Deoeaber 1?U6, 
tha total nab«r of oaplo y cc a was 176, which included $ offioara and 
no a nl la tad paraonnal (So* App* B 8a). 

7-3* Ackncerladsnonte. - In addition to thoaa indi-riduala men- 
tioned aboro, tha following ara daaarving of fpaeial aantion for 
thalr IndiTldaal contributioaa to tha Metallurgical Project i K. 
Feral, 0, T. 3eaborg, K. P. Wigner, ft. a Stoma, ». H. Zina, P. H. 
S padding, C. M. Cooper, P. E. Church, L. Sailard, T. H. Bognaaa, 
J. Prank, A* J* Daapeter, and J* Chipaaa. Tha Bersral contractors 
associated with the Metallurgical Project that made great contribu- 
tions to ita ancoeee aret Iowa State Collage, Coluabla Unitrereity, 
Massachnsette Inetitute of Technology, Univwralty of California, 
Carnegie Inetitute of Technology, Washington uniYersity, Princeton 
UniYersity, Brown UniYoreity, Battalia Meaorial Institute, Qraeaelll 
Chealeala Dirlsion of the da Pont Coapany, and the National Reaaarch 
Corporation* Contributing reaaarch was also conducted by the Be- 
tlonal Bureau of Standards. 





'AMEA7TAH DISTRICT HI3T0RY 
BOOK IV - PILE PROJECT 

vp una: 2 - research 

PART I - ?,SBTALLORGICAL LABORATORY 
APPENDIX A 
MAPS AM) nrTO GRAPES 



No. 




Doaorlptioa 


1 


l?ap - 


Violnlty Map for Metallurgical Laboratory 


2 


Uap - 


Location of ttstallurgioal Laboratories 


S 


Map - 


Plot Plan - Argonno Laboratory 


4 


Photo 


- Eehkart Hall 


5 


Photo 


- Wast Stands, Stagg Field 


6 


Photo 


- Haw Chemistry Building 


7 


Photo 


- Interior of New Chemistry Building 


8 


Photo 


- Ryeraon Hall 


9 


Photo 


- Drexel Rouse t Billings Hospital In Baokgrcund 


10 


Photo 


- Ellis Laboratory! Serrloe Building in Backgr ound 


11 


Photo 


- Argonne Laboratory from West 


12 


Photo 


• Argonne Laboratory from 8outh 


IS 


Photo 


- Argonne Laboratory from Southeast 


14 


Photo 


- Dormitory and Itoss Hall, Argonne Laboratory 


15 


Photo 


- Fenoe Line Protection at Argonne Laboratory 


16 


Photo 


- Hew Chemistry Annex 


17 


Photo 


- Typioal Laboratory - New Chemistry Annex 


16 


Photo 


- Site B - 6111 University Avsnue 


19 


Photo 


- 124th Pie Id Artillery Armory 


20 


Photo 


- Argonne Uranlum~Oraphite Pile (CP-2) 


21 


Photo 


- Argonne Uranium-Eeary-Water Pile (CP-3 ) 


22 


Photo 


- Huolear Control Panel for CP-3 Pile 


23 


Photo 


- Fhyaioal Control Panel for CP-3 Pile 






1 i M 



i 



'•.;v ' 



V 

v 



l_ ■ -II. ■ ! ILb_ 

_ ^ . j . 

.v. D ffl ■ & 



1 1 rr t- 





—^ f fp? — —i t' v 1 - • i r~ 

■ .i> • * f 

V ,•• ..,7.:. •< = . 






.. - — 



oi a , 



a 

P» Pump Uou/e J 

Q i Garage 
R.-- fee, p.; Court ..' 
5* Qvarei tfoiV* * 
T* Jbhfr.C»e!irj5 Jfeer ♦ 

0 » Sh»r><xfl 



t 

T 
< 

r 

I 



r* %*rm. --^ 

Usscid . ' 'V 




JC« Lead Foundry. » t n Oi 

t 4 • « 4 ' « 4> a -< * - * * - • i ; *(V 

f- .4 * • »- -4 '*■*-» • -> * * ^ ft * • * * i • 




APPENDIX A 4 



BCHXART HALL 



AFPEOTU A 5 



?TEST STANDS, ST AGO FIE 10 



APPENDIX A 6 



NEW CHEMISTRY BUILDING ■ 




APPENDIX A 7 



INTERIOR OF NEW CHEMISTRY BUILDING 



* 




APPENDIX A 8 



RYERSON HALL 



VttvXDB v e 



At'FFt'DIX A 10 



ELLIS LABORATORY; SERVICE BUILDING IN BACKGROUND 



APPENDIX A 11 



ARGOSKB UaORATOHY KHOSI JEST 



APPENDIX A 12 



ARGONNE LABORATORY FROM SOUTH 



APPENDIX A 13 



ARGON WE LABORATORY FROM SOUTHEAST 



APPENDIX A H 



DORMITORY AND HESS HALL, ARGONNE LABORATORY 



APPENDIX A. 15 



PENGS LEIB PROTECTION AT ARGOSKE UB0RATC8Y 



APFENDIX k 16 



ITEW CHEMISTRY AiJNEX 



^^^^ 



APPENDIX A 17 



TYPICAL LADORATORY - NEW CHEMISTRY AfrttffiX 




APPENDIX A 18 



SITS 3 - Slil UNIVERSITY A7ENIB 



APPEND EC A 13 



124TH FIE ID ARTILLSRY ABiCRT 



1 



APFSNDDC A 20 



ARGONHE '"IRANIUM-CfRA THITE PILE (CP-2) 



APPENDIX A 21 



ARGONNE UBAHIUM-HEAVT-WATSH FILE (CP-3) 



AFWTODIX A 22 



iJUCLEAR CONTROL PANEL FOR CP-3 PILE 



APPENDIX A 23 



fflYSI'JAL CONTROL PANEL FOR CP-3 PliS 



MtlHATfA? LTSTRICT HISTORY 
IV - P7L> RiDJSCT 
V0LU12 2 - RESEARCH 
PART I - METALLURGICAL lABQtiAT&iY 

CHARTS- AX? TABUUTIOSB 



| . DsBcrlptios 

1 Prime Research and Develofawat Contracts Associated, In 

Whole or In Fart, with the Actiritiei of th« Metallurgical 
Laboratory « 

I Subcontract* under Metallurgical Laboratory Contract 

¥-7401 ang-57. 
8 Areas Occupied oy the Metallurgical Laboratory- 
4 Metallurgical Laboratory Organization Chart (5 July 1944). 

I Metallurgical Laboratory Organisation Chart (B July 1946). 

0 Monthly Faroe Report for Month Ending 50 June 1944. 

T Monthly Faroe Report for Month Ending SO June 1945. 

To Argonne Rational Laboratory Organisation Chart (21 Doe. 1946). 
0 Chloago Area Engineer** (Organisation Chart as of 1 July 1945. 

6a Chicago Area Engineer Organisation Chart as of SI December 

1946. 



Contractor 



Tern of Conwr»ct Total Cost 



uai varsity of Calu^o WO 1-7401 Mg-ST 6/43 - e/iS 
Uolvarsity of Chicago (Ail.) 31-1011 ooc-34 T/44 - 12/47* 



Uolvoraity of flslffjMgtl 
B s Jtan sj UaWarsity 

uaxrarsity of aiuai^ss 
« iotoreoa iustrissout Co* 



iialvorslty of <iutre 



Uai varsity 



tiaamiu^toa wairoralty 



battalia Memorial last. 



r-7405 sag-sob 7/44 - U/46 

4-7401 «ag_§2 4/i» - 4/44 

6-7401 «ac-M 1/44 - 4/44 
ft-7401 oac-127 - 2/44 

*-7401 eag-A44 o/tf - 6/44 

W-74K1 eag-48 6/<i - e/4§ 

1-7408 «ag-OU 12/44 - 4/46 

4-7%vK> sag-o4 i/44 - 10/44 

tf-7404 OBi~o4 4/44 - 6/44 



of Xwohaology 11-7404 sag-176 5/43 - 



„ouu,Q0G rrovids for the auaossaial oporstioa 
of "a." 

i,7b7,00G 

40,OjQ -g^kUao uroco 



36,000 Don of oyolotron to astsnaiao 
eaatioas of pU« 



ll,ouO rarfootioa of a superaoula •stood for 
toatia* souuuaass of slug* aaa ioalily 

r 64,000 ^sai^a aui aavslopaact of olaotroaAa 



W,000 Use of sieotroststie jaueraAur to study 
tao of foots of 



44>,000 Dm of oyoiotroa to 



l40,0o0 bM of cyolotroa to proTiao aroiact lo 



£44,000 iievelopouiat of aotaoda of f^riootioa mid 
©oatiag of MUl for »#* ia ,ii.«-s. 



1,032,000** vevsiopmaat of frost Tost aetaoa for 



1 



last, of foci*. »-7*06 oa^-^'/Y l/e* - §/4» # WO # OuO Effect of iatenee irriniiettoa upo» pil» 



m r«at (Ur*»Mlll) *-fOJ »a&-24 o/4i * 1/46 276,000 Davolopaeat of MUl^t aod teet 



• toutreot au£»«e Tor operetioa of the arteoae lUUoAal laboratory fro* July 1. li*6 to uooociUtr i). UMA 

*** negotiated by %&m Jtaohatten wiatriet. for the period ending Pes ember 31, 1*46 epprtixiaetely *2,767,00u im 
•peat of etiioh ep^roxiaesely lQjt ropreaeate e eantiauatioa of efforts for iaproTao«at of **" operation*, the 
fc&laace of effort * M M «i C aed to near reeeareo end developaeat ia oonoeetioa wixa. tuu tueory *ad ie*i«n of j>Ue* 

for produe tioa of u«* 



*• ualy » eaaU percentage of a.l.T. •• effort «ae directed to tae teetiof procedure*. 



(2 J 



«Jo«iyu *f|;. Co, 



0 

16 

106 



Pur at ion 
6/46 - 1/66 

6/(6 - 6/46 
7/46 - 6/46 
4/44 - §/46 
6/44 - 6/iS 



6 66,000 

16,000 



T.600 

67,600 



hit k»>** 

U *v«lo jafctitt uf rio(i«a Cut>«*, tootnoa* at 
•xtrusioa of kiio^i, 

Motuod I'or fabrication »lu&* rolling* 
luullu toxicolo^* «t(»ruuiiU. 

grt&diofe of 



Fabrication of eptlaai itt»trwa»*afc* for uu 
in oil* ©paratAOo. 



m 
1 



AREAS "CCVPISD 3Y TR3 isKTA LLOKGICAL LA808AT0EY 



LOCATION LqUARE ying 

Campus Res oar oh Faoillties 

^okhart flail 68,350 

Hyerson Hall 71,175 

Teat Stands, Stagg ?ield 29,600 

North Stand* , Stagg Field 9,000 • 

Sorvioe Building 3,168 * 

Jones Laboratory 5,756 

Kent Laboratory 12,155 

Anatomy Building 1,280 

Billings Hospital 4,900 

Or axel House 4,830 

Bills Lab. (5700 Sllis Avenue) 1,750 

TOTAL 205,260 

*8paoe ro leased and returned to University of Chicago. 

law Facilities, Constr 1 oted and/or Leased 


Argonne Laboratory 54,200 

Sew Chemistry Building and Annex 54,255 

Site 3 u2,S70 

Armory, 124th Field Artillery 188,000 

TOTAL 359.125 

3-3 



«. N 

.lr»t 


I r 






Wt' f »» 










WS'Ml.LUKilCM. PWVSCT 
4. H. .-<«,,»,.„ 



MTMX'naiet 






s. l. 4111m 




Mm 


► w (10! 









s>"t<mi 






, _2E'22 

in* l—Urt w 



















- - s 



'i uin« [lU>i 



p. s. 



C J, »tt» 



CP 





JTl»iO» (ion 
w 






SwtlWt 


■M.n 






j*^™; 



"_»• 



3b..t 




«i»T 141. 



■rruLuioicii linunn 

DINK IT* 



SISTtoTIW OUIIIOI 



L. km KIHPTM 
OMIT 

innmrnuTin orricn ( ?) 



-*tl- (1) 



la*lalatntl-«j i*aUtwt (3) 




i- e. » 

<W1 



<1M 



macim DtrisTHCT (51) 



(10 



L. u. Hi 



I1U1 



]a««att£*tlM ft Trallfta 



(ii 



J. 0. "Jil« 
(i) 



(») 



<*>! 



t. ■ . R.H 



I. LWtai 

(M 



I. I •!•■■>■ 



(«) " 



Italatft 



innci ntnL 


mm (|«8) 


B. 1. 


leltt 


Otrtator 


(2 


) 



(-) " 



OH) 



7L k. rm 
<•*> 



I. A. akfllUll 



1. J. O'lMl] 

(123) 


1 

1 


Ufa • mmr 







t ■ FlpaPM la nw iMilii 



Sheet No. f of 2 sheets. 






A. iinNa 
*. P*rtk) 







HkT.ifJfc-.; M lie «AT iiV ,1V 






Aatci'ifttt ir. ■* 


n ". I . irvr 


A*» ir.et* 


Tl P. !»TJ 





> t 8E-AU »CT 171) 




n» : ^sr :- 






CHrtelor, a. . . 






Adz,lnt »tr«or, 


J. 












F. C. 













<•>•• smtlrwtrj 
A. J. EMf«tW 




r. a. Mot* 




It.r»] -;p.Mtjt- 

»«' s. 



09 
i 




■ •'.':sT"» c r -i*' (tirt i mi 

«•> »'«:it -ir»c-tcri •. . I«r! 




»r t -....l ••"nr»h o' Men 

l <!•>.>«. 



Sh«et No. _1_ °^ sheets. 



. K. i-- » 



t>m»M HEALTH [207) 



!rH t -t.>r: i,. ■■■ 
A«» r. jLroir'-r. :. C. .'acoDaoi. 




~h' i f , s. ml* 
.. ,-. -M jfi, c. J. TroMur, 

A. trmt A F- K. Itrkl* 



i ti .fn-r, r. 



1 JUlt lJlii 



MONTHLY FORCE REPORT 


(1) Contractor: 
paw a , a * 4aa& a _~ 

unmnitj or cnioogo 
Mtallurgioal laboratory 


Raporta Control Symbol 
EIDMP 7-» 


(2) Month En 


ling: 

1944 


To * 

District Engineer 
Manhattan Engineer District 
Attention: EIDMP-7 


(3) Location: , 

Chicago, Illinois 


30 tao 


(l) Contract No.: 

W-7401 —t 3? 




Dapartaanta 

(B) 


No« on 
Payroll 
tnd or 
Month 


Avoro.90 
Dally 

Parcant 
» 


- 

Dunbar 
of Haw 
Hlras 

(•) 


lumbar 
Taralnatad 

I 0 ) 


laaodlata 
loadi 

(10) 


Anticipated 
Ral aaaaa 

(tl) 


• 
• 
• 

£ 

m 

s 

i 
k. 
• 

a. 
O 


(a) Total 


v Ma 

1872 


at at 

6«8 


at* • 

241 


193 


aaa 

3t? 


0 


(b) Offlca 


a?c#k 

550 


■> at 

8*0 


ava\ 

93 


90 


100 


0 


(c) Plant Oparatlon 


190 


9.4 

- 


29 


30 


tr 


t 


(d) Plant Malntananea 


329 


9.T 


n 


3* 


<9 


• 


(o) Lab. a Roaoarcb 


749 


3.6 

- 


M 




191 


0 


(f) All Otbora 


59 


12.0 


, t 


• 


• . 


r 


Conatnietlon 


(g) Total 










'i 




(b) Labor 














(1) Crafts 








> 






(J) Roa-Manaal 














Roaortad by: 


lalaanona Raabsr: 


Data: 

* 



O -Oetobar^M better o/ Tm«»«»ttoi OrtneceasoryJ 



■ 

MONTHLY FORCE REPORT 


(1) Cont 


rector: 

iTsmitj Of Chl«*6« 


Reaorta Control Syabol 
El CMP r-» 


rWllvrgiMl Latontoi 


' ^(2) Montn Ending: 

30 X-om 1945 


To * 

District Engineer 
Manhattan Engineer District 
Attention: EIDMP-7 


(3) Location: 

* 

Cfcloago, nilBoia 


(») Contract Ro.:. 

W.7401-««-37 


Dapertaanta 

(B) 


Ro. on 
Payroll 
End of 
Montn 

(«) 


Avarage 

Dally 

Pareant 

(7) 


Hnabar 
of Row 
Nlraa 

(•) 


Rnabar 
Taralnatod 

(») 


laaedlate 
Raadi 

(10) 


Anticipated 
Ral aaaaa 

(tl) 


o 
• 

: 
& 

m 

8 

• 

b 
a 

a. 
o 


(a) Total 


1597 


"•4 


mm 

77 


15* 


235 


aM 

271 


(b) Of flea 


41* 


a) M 


*4 


34 




60 


(e) Plant Oparatlon 


m 




2* 




149 


0 


(d) Plant Malntananea 


292 


10,2 


18 


23 


3t 


1 


(•) Lab. A Raaeercn 




5.f 


7 ; 


«7 


19 


m 


(f) All Othara 


46 


13.0 


0 


1 


0 


t 


Conatnictlon 


(■) Total 














* 

(h) Labor 














(I) Crafta 














(j) Ron-Manual 














Raportad by: 


Talaphona 


Ruabar: 


Data: 



El DM Fora RO 



*f* 8 October 19M , <p . . , „ . 

I (Letter o/ Transmittal Unnecessary) 

"S 



ARGOMKF W/.T10KAL LABORATORY 



ORGAN I SAT 2 OK CHART 



(as Of 12/S1/4C) 



LABORATORY DlRFCTOfc 

Assistant to the Director 

ASSOCIATE DIRECTOR 

Pile Research A Development Division 

Four Groups 
Metallurgy Dirision 

Three Groups 

Shops 

ASSOCIATE DIRECTOR 

Theoretioal Physics Dirision 

Two Oroupa 
be peridental luolear Physios Division 

Nine Groups 
Chemistry Division 
Section Z 

Fourteen Groups 
Seotion II 

Five Groups 
Biology Division 

Fifteen Groupt 
Mass Speotroseopy * X-Rey Division 

Two Oroupe 

Instrument Researeh A Development Division 

Six Groups. 
Hedioal Division 

Four Qroupp 
Health Physics Division 

One Group 
Infomation Division 

Two Groupt 
Patents Division 

One Group 

BUSINESS K A NAG RE 

Assistant Business Manager (Staff Capacity) ■ 
Assistant Business Manager 
Personnel Officer 
Chief Aooountant 
Purchasing, Agent 



WAR DEPARTMENT 



&0RP5 OF ENGINEERS, J S 



■utu djit. iithxibmci 
in ticoim Birities 

IX. Zml. U. I. FtriHl 



cdcabo nun nmuonci 

OFFICE 





■tnrtu n 

aunoii 

Oas*. U 


rmcT urn 

■ KTIOl 
ft. 01*f*r 







en ago awioiAi laaci 

BPVSBTATlfl 
l»t It. 1. C. fcriror. 
1 Otaar 



r 

I 
I 
I 
t 

I 
I 

-4 
I 
I 
I 



I 
l 
I 
I 
i 

.-I 



nm awop a renew, b.c. 



Om*. A. A. 



MB) 



CA1CABO PA TOTS 

Lt. Cel. I. I. MM If 

1 DTflMri [ krmj ) 

2 klkiM mm 

7 om»*n (htj) 
a DUin 



r 



A* utkorliM in r iw uilw »r *A» 
traatlaf Ortlin, 4lr»«Uj raiaMilkl* rer 
tka iWiiiintin ua (aMmilK of all 
prla* Mtrntl ■■•laaat M CalMfO ftrM 
laalatflaf ta* appraTlBg Of Of«r«tlB| U 0 
» i', * rlaaa tal pragraa u.d b*4f«t r»pc rt ■ of 
■•id aMtrmata. Ai ArM h(liNr, rtipttil- 
•1b for tpintln wt QtlMfo Ar«« om«« La 

•li it* rwiioM. 

J. I. Mlilli 
■••ratal? - 1 CA7-' 



mount* • 


• PIC LAI. 


A&tlOUDTa 


• AAAC! 




MM Ac . «, 



ACCOWTS 1 AUDIT PRAJICI 



• « lo. 

2 » 5 



■Arm iiaii~i 

SlM«t »C. t 



•mwi. 

(.. 11 

• * 5 

r ■ » 11U 
c»c 

m»ti 1M C'- ■ 

' tint r . r»»ml 1 J' 

..c i 



CLAM. IP HI 


> nut tiAJ i 




lo. *> 



TiriOI-AI SftAn 

S»«t In. 7 



eiAias iuih 



4.a:>. >'uti i "mi ■ 



FUJ1 1 



0«5ANi; AT ION CART 
MAN1AT TAN D!S T * C 

uiair tuiUA© aha, zf-.ctoc, 



^ :»'i Nl-^s 



...... ■ jj. • - cm 'JvOJf 



DEPARTMENT 



CORPS OF ENGINEERS, U. 5^1 MY 



i-POlWTS org jnpit BRW^H 

&■ "hlaf Projar* Auditor, dlraati ud ad«ln1at»ra 
P*m«tl na if a#<*"ur.ta and An-Mt Inmch thnnigh 
aaatlnn luparTliera* 

Hr. J. I. garbour C1F-11 auditor 
«a«r.tar_ - 1 Cl'-ii 
1 :U-3 Clerk-Tvalut 
1 r.r.} fiark 



'■•linn 
omcf 
in 
• 

t • 

C • • 

c a c 

mici. 

vac. 

TOT»(. 



km 9vaa>rrii1n( i-aountaw*, auparvAaaa and nonrdlna'ai 
artlvltlai aeaaiiary to inaura oontr^l of flow of 
■ ■j'Mt V* notary data aart*'i*n£ tf ralahuraa 

■Ht of aria* ™«»ra.eti mlar aiarirl »*;ra*1 -n of 
">l-a£o irt«, 

■laa I. Caitle*arry 11*-* Slarka 



PliCAl «r*in« 

laaord* &nd aalfl'elaa eentrel 
•f fundi ellaaated for adalala- 
t«r a . ic fr\mm eoatraate and re- 
latad aub—coatrerta urdar ed- 
tlsl itrutlar ef Chtaaro Ar*»aj 
• «t labaldlar? aeatrol 
•ean< ■ ef til fwada enaaak-ared 
bj pu re he »* -rdara, ■ vjto— ooet r»« 
r-altMti and ■IimIIuwii 
•a-mtrtkraaai prepare- all fl •- 
Ml and analytical r»ip«rt • j 
aalatalsa central ef all la- 
eaaitag and oa*golB£ wywhiri, 
i.TMri*i a^l auppertlrj d«»»i- 



Vra. P. I. . Churehlll Ca*-4, 
Clerk 

2 Clerfc-Typlat 

1 C4»-3 Clark 

1 CaJ-J Clar* (l.) 



cry* iirrifli 

aalatalna aeeeuateM 1 Ity ef 
pr op er a eat dlatributlon end 
a oat ml f recording funda e«- 
peaded oa prlaa ^ontreeta and 
aab-*oatrapto edartniatererJ by 
Calear A iraai aalatalai control 
ef aeit reeordi ef OevenaM»nt 
*oaehori| eontroli eipendlturei 
of Contreitcri ai fwhtn ar« 
relafcure«d. 

■1aa C. I. iliac 'A*-.. 'lark 
1 C*F-3 ''lart 



PiT»nL2 pns- ito:* sir* top 

■ adlta Ceatracteri 1 aayrclle. T»rlf1ei lea**>i 
audita )«a«a r*«rH eardai abanki e»«rhea4 
pareaatef ee ( aaaeJtlei aad aeeldeet aaaai 
ta«el«1a| oeauMMeatlre paraeai'a 

Bh I. landler Clark 
1 CAP-} Clark 
1 CAP.J Clert-Tyalet 



M*tSl4L e OTHIP i'TUT StCTIQi 

Audita puMle eoeehen aubaltted 
for relaburteaent by prlaa aon- 
traatert aadar Chicago Area 
ocvoriae, eatariel.. auapllea, 
aeulpweat, aarai a«a ( traeal aad 
utllltlaai raviava all ltaau of 
•zpandabla and aaa aKpandabla 
■uppliaa anrl aqulaaiaat, an- 
authorlaad proearaaant ef ltaaia 
appaarln^ oa aandatory a^hadula 
or raatrletad and prealbtta< 
llatf laatltataa aoatrel and ra- 
eerda for partial ah1j*wata a 
aeee<jrr*at aarvlaaa and rantala. 

Vlaa J. ft. Ahraaa CA»-L Clark 

2 ^A»-? Clark 

3 "lark (la) 







•wrriai 


IrUKllahai 


aa4 aatatalai 


ooaalata 


•ayrrll 


aard tjptaa 


for a] 1 aaalo 


r*«i ef varloaa 


^oat r» otora 


1 >u41t a all IHII 100 fo 


nai frr 


a4harafl*« t 


■ lal*atlor.i 


lalMat'd 




La*wr P^r*! 


, V^aury !laaaraaian« a 


n A [*Sor 


iota. 








v. i. r. . 










-T-rk 






1 i'- 


' I ■» n - Tjf : ■ r 







Raeorda rartaln hlatorloal data a* rt a 1 n 1 af 
to all phaiaa of eontraot •»ip«n'11 *>jraaj aala- 
talna l«g nf raeurrlng raport ■ , aTp*^1t1a{ 
thoaa fraa oti»«r aaetlnnai priparaa ip«*1il 
ra porta. 

Mn. F. I. Piaumao CAf-5 Clark 
\ CAF-3 Clark-Tyylit 



STTB-CCBTtACT RECORDS 4 IianHAHCI SICTIQi 

Idlti aub-aontraeta and aaamdamta tharato | 
praparaa apaelal r« parti ae«aria( atataa ef 
iiMl aalatalai aard ayataa aoatrel ef all 
lnforamtlon la floaaeetloa with aab-aeatraatai 
aalakataa fllaa te aaatral a a y dlturai ef 
all tTpaa ef iaaaraaa*. 

Mil F. I. lllay CAf-7 Ada. Aaat. • 
1 CAF-3 Clarb-ltaaa. 



Aadlta all aiH-aoatraot voaahara aabalttad 
by prla* aeatraatera for relabareaeMMti ra— 
annallaa bank aae*uata and ladgari of two 
prlaa -oatraatera an1 prapa**** *»H»*nfa of 
payaaet mprrta for "raearal ftacnunMog Ofl* 

Mrn. 0. Serkla CftF-7 Aoai. ftaat, • 
1 CAf-J Clark*- 



*aa tc - AF-*- 



ORGANIZATION CHART 
MANHATTAN DISTRICT 

UNIT ie-cunta k Audit flranea, Coicaae Araa 
* MMft«a/l ■/ ^ _ tiatf 7-1-4*. 

■ CCOWMf tot 0 
a»»aavt o 



^, tiaTf 

0«Tf 
OATf 



1HCET MO 2 0^ fl iHdM 



cowm or tN«metw». u s 




lup-rT* ■•■ an a-M*1ti«< mt >rtp«rt Mot • 
XT. <■. I. H»l'l 4*. *aat.f 





:*» . "»f — » 


Ml r- : 












" ->••» 



I 



ir<xsr»m miir 


r» oniin 


Cfcpta'a •""•J 
' 1 








1 




1 

1 









mini _ 

m _ , 

• _. 

• » ■ * 

• *» 

■ttei. - 

t«t»i _ 



■i'tN 1 " -«-t ral ovar |re*«r*.jr (r"*itt«*<1!« 
1 • > cf t^vtwr* r*Mli«d an r-wmn* pr»> 
f«r-r»" l«jg||>| | ij|im1hi fr»p«ratlrr. 

t rmrr *• • <■ f ■ r»*yi • r»r ■! 1 1 Ik] «*£-■ SB 1 

rha'ta. 

ra. '., r, vtraw -»•-' oi. rf 
1 CA»"? " -rt 



wim mita»<?f i'Imciiw 



lapartrlaai laa pnt l— 
lurplaa Itrwfc aai gta 
hanalai ■ ■•rial aaal 
•atari a] ■ 

aiparlaraa la itlaaM 

aat-aaaary. 



■4 lamtorlaa af 
4aH aaaklaa Taalai 
♦.■ aa4 laayaata 
af •paajlaJliaa' 
ft- laalaaaa* la 



La » : a * » .Tb ; t 

• «<mi Ma>"*a 
W'n af a»la- Tr - 
* -» I raj - aaa'. "1 - ■ 
i ra * pur-rata 

t 'an ; 'I a • * - aaat* 
1 1 • »f ' nf 

~* a, f~* f| ' . ' 1 

»»• t al aa a r ■ ■ i 

r* a»r»i r»f . t f f 
f a***, • - -a » r v«"«i 
»: t " T r T* r ' * 1 a- 

• • - ■ I ' *<■ i aaa> - »i | 
■ ' taa-a '* ar» p*rtj 

-a — * r»'Hi| «***■ 
r»|'«'-*f * 'j!la(«r' and 
tta" *' •aitara t 

'. * i nl him ir.a • - ; * * . 

• ■ t ~ - * # » , a-* • 4 * 



: * -' 
' - 1 f 



fckJaMalt* Ifirrr.' 
■ rail- 
s' r ai **1 - ^»r* * mr\m* 
cr'n^'frij aeata 1t«u 
;rc»»r*j «c r»r*a^- + 
- 1 * <1 r« - - ' * • r r - -» *y 
r-f»»»* •■ »r « - A ulaf- 
f ' or ar I d » t * ia ■ o»» - • . 

lv*r' f at •#rai-» 

' ■ • I . T. "V ,-r. -««.< 
1 'I'.' • *r.-* 



B^ltUlii a<-#^jti£a(la 
r»fr»-i ( af ■'jrs!*ii 
***«rlali| —•aarai mu 
pl'i- l" »» ■ *»' l»ftr' ■ 
m it ta It* . -vm ■ ^ infa 
■at'."* niM • rt*? 
fr»atTln| all tnMi*t 
: f ••••r'.al, •vartla- 
• at ' -* « -| f - 

a»-»- l | t f»;-'.i*a 



!'4l 

apd 



riarl 

? -»«.« -1-rf-Tyalat 
1 "l'-? ~:arf-*yr!a» 
1 ■»'-? 'l*rk< 



i«;r»;iii nil 

!••••• ■— nwrt bllli 
ef ladt^c i*. In r.mar.ta 
af tr%-^r»ri Bala^alna 
rcBTr«l filai of a1*%nca 

J'»*r 1r£ r*. H# of all 
tra- aar*1 rnmt advlaaa 
•'C 1 'f ahlaaarti 

«r*r«rt>t 1«-»an»«rt Mill 
ft la M nf rr. Iro'—ln* mri 



Cl«rt 

1 -«»-' -1-rV--rP'"< 

! "«'-? ria-i.*»'a<- 




*aaalraa aft 4 lria|>««ta 

aati-WW aai 
anpp 1 l*a p^-arvd ar * raata 
firm to thla atatteai 
lr -►arj» «r Mil atoraa 
ar<* of raaalrliaj, laafacV 
kaj] aail tactng of -vlp- 
■**rt bal*!g toalara^ nr> 
pl-«. 

r. J. T. Hartlay IX 
bipMtar (aatl.)a 
1 C4P-4 ttoraMlpar 
1 IM BHf.t>kO. )(■•«) 



Impaarta, psika, rrat*a a 
alilpa an< axpaalltM aaalp- 
>»»«* *•!■( •ratiar»rr«< ( 
mmlaM aa>4 aalppaa 
»• ataar ataMawi ar- 
ruifM far iMpjail kj 
■■•« iifl tltlf rnrnVmo* 

• Jm Pa On S»>S 

i"r»w (■>•!.) 

1 Mh. Lak. (T.) 

2 Ukrrar $ 



1 - 



_ 



ORGANIZATION CHART 
MANHATTAN OISTNICT 



UNIT i»*>"^Jf 1 Sraaak^ f>1 -afa kj-*a 



tuia 

•iceniaHl 

aamovit . 

__ 



art . 

MTI . 



t-ttr 



tMf trt 



WAR vtPAKTMENT 



jQEPS OF EWGlWtC»5, U 8 



0« Ml 



•f at 

mi iMm Iml n mrt t»r 
«nxl »f Bill ten F "' " " 'l 

Mrtiru* mi mni •MMltifcta air prtaritUa 
for >iMU .f ■nwl tmt *1 



1/) J. T. fc»rl» 



i * 

c »> 

c • t 



Wat 




1 <*»-} ciara-t^i .» 
1 W-t 




■11 llrtllM 

H'HBtl niMi amLataLu 
a>4 M«m as iiliwr; 
»*aritt i*a*>r«a *r uii 

1 t* ll(Vr 



ll 



it, s. i. ouaur 

1 n.rv-Vfirt 




lMaar»rta«i 
»ffl»l»l «nv|| 
tr**al Hi r*Ma •*»*k>r>. 



In t. a, ew*> cif-i 

t str* (».} 




atria* mmUmi aitwiu ail m*a. 



r*. i. i. >■*)< 



mwaw i* w en 

IthiIh Iruiiprti'lm r<w |r«, a*d*a 
tain* ntutla* tft *?*-i*!nr **»Jfa,« 

Me*i: f'aaa r*^**f Ml i*in*r«-i»# *~r 



11 




ItaUlitart all > 
aartalalsa *• **ll*t*4 mm ■ 
w ii»m» Mai uliMM aaltte>7 

mvb *f aftll(**4 Ml iMti 

tj all raayarM 



Q«GA*JlZ*T>M ch»»t 
MANHATT«»j Q S r 0 rT 




OOWPS OF ENGINEERS. U S 



W7U91- 



-57 1* 



la *f w|ri I— M far 
nana u4 fuiwitla, ^hub sr fiiu 
* i|Hm«tilu Ul •^•rrt.lv of ■aitwtlai 

> »rt .( tklm ll.lt. 




'■•.town 

ML. 
■ 

• ■ 

car 
■ »• 

mn. 









^■HHI *•■!(«», Ml 






r»r wttnoatlto • ' (1 












*. ■- e. utt ta. 


r. [•»*.) 






fcUMM *»ri latai •yttoa for wt 
tmt trt mm l> MM lip I tit mlNllta 

af mtnikT m I kall41ac*i **-■+ 4rwlB(* 

•aasUta* to InTilM iplMl t*w> *iMmi 

or.»»r». •kgtaHi-lat n r i i i ) »l natrt* *aa 

•itlHWi to ■ ■ lalmfci, 

ta. I. L. t»Ti. NJ to**. (CHtl)> 




ORGANIZATION CHAR1 
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•u*. I i ■ ItaMaaa to liuHi to*.* WpKlH f mlMlllJ »f 1 
nOTMi mrtlBtii aUaa u4 l|Hin«UlH for Mitnxtlii 
t*Huw of wr\ artart to Mtoutorai umlw mu 
uoao, rtHti mt nttaMa i Mtlito. i» pHimat of i 
wtMtcii i ■ aii i4«ftoH of aaaa.ttot mtkt 

l»to u Itont to arlolai Bm4 a all •l*Mrt«l >Mm,i 

Wr. p. e. Wmm M tart. (Owtr.1 
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uetlatea |Wiwul Mi flm ale 
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1 Hratten af Ceaaree- 
wri 1 earf eeaweaatreaaera' wpHatlw ra» 
prtii| klrtag, tereaae tlaf aaa ii—ifult 
a»le tl um U 1 1 1 1 1 1 1 111 alta feleetlae 
itei f r n a»r»raaat re- 



■lea ■. ft. Meter, Ca»-* Clara 
1 CAF-J Clerk. 



I a) min i a»r**j Pragna far all eatlrttlae 
aator JerleeletleB af 1m kfUMr, are- 
aeree aaa tmrtu laanatlaa elalaa aa4 
reaerta far N nr eajia t eaala/eea a> Metrte* 
•ere** eeetaea far renae aad eeaaJeatea «a 
I. a. aal ijui 1 Oeepeeaatlas Caaanaaleai 
n ileea aar ma ia'a :aa*aaa««taa aa# ataar 
laearea alalae af ralwuri rar aaeelleavaa 
■It* mar t*/ rafalatleae. 
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•a ana •ajtaaer aa eeetaaa*e*a react rlae, 
taaaalvl aai ea r a a ae i eeatre.a ta«er-sr jee*. 
tav or tatar-arw raeaerte far eea.aaaa*. aaa 
eaterlajai arraarn leaae »f eeeelei eaalp. 
•eat frea »taar efeaateei rea p weiele far 
J«attflee«lee af air erterlltaa retaaeaea 
leeella. 
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•It* Wttrtrt MPMt- 
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■M 1i«u «f tMBs.ua! raaaru trm «arl«* 
— liijiin suiter JartsM-tla* *f Ottaat* 
anat amlatalas llslw «1*k la«la( afflw, 
?■•">• p«P — * «Hl**f7 iswl 1 IMBM f»r 
r»t'«* « r wwwj r»ttr»»j«* .f alaaal. 
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■ain ilm latolllfaaaa aa« laaaalty Bttwi Wi BJB- 
kattaa ttatrlat U Illlaali, ■wuli, lliM|H . 
Iwiik, in, ■mart at lata. Far-tor, lafarto 
it. Jaaapk «a«N af laalaaa. 

•ajar t. e. Jr. 
•M u. e. r. aula. Jr. 




lrt u. e. r. mi 











HINMl 

m. 
»• 

• » •-• 
• A*- 
••• ' 



uwiiwnn wcnw 

feapaaatala far aaalalatrattaa af (ttiiM attaikai 
to tklaa** Im* OTflM! aaalata Chleag* lm la a»- 
•Aalatratlia arto.Ua aa atalllaa aai imm aarsaaaali 
r M; «nlM« far hIMmim, iparatlaa aaa mlpaat af 
aafcialaai pi nn a aaaallaa aa4 aami t— at. 1 -'■*■'" all 
ftUa af CUnt* iraaak Offta*. 



la Ha u a itf Offiaar aa< Crrrto(r*ahla Mtarlty Offiaar. 



M Lt. J. I. 
•ri. t. I. Or»M Cat**, Clark 

1 CAT-} Clark-Staaa. 

1 CAfuj dark 
. 2 CAM Clark 

1 Crc-U CkMffmr (took, tap.) 

t m 



all akl aaaata af I 
tlftk, Nra asi taraata 
fraa palat af arlfla to al 
■art ■arwfi al*kU Plftk, Mrkk 
•■Mai kaaflaa all aaarlav Biaaa 
•at af Ifjla affiaa ar tnn-akla 
toaaaaato Taa H a t i t atoaaarto ai 
to tftatr alttaato laatlaallaaa. 



a Lt. 9. A. 

At, iw I. atojtaraaa 
lat u. J. a. tor— 
W U. ?. I. Aaltoa 

•M Lt. J. r. Cut 

Baa U. T. I. Mlrarla 

1 c*r-9 Clark 

1 CAT- J Cl.rt-Trrla* 

1 CAM Clark>Tya.lat 



li arltlaatlag la aba 
■aMi aMk* arwM 
lirrlaatlaai aakaa aMa. 




tj CHJ.T 
9 C»C-» 



ooai tp iiTTLLiamci tarTica 

laaai ilaaa lanatlettloaa aaaa •> 1 
Chicago Iraaoh Offlaa. 



Caatala J. I 
2*4 Lt. I. ■. Calllaa 
2x1 Lt. 4. I. aktlaaa 
2»4 Lt. T. I. ViaiaMaa 
1 CAT-il Cl«t-ltw. 
} CAT- J Clark-ltaaa. 
1 CAJ-i Clark-Typta* 
1 CAJ-i Clarfc-Tfrlit 
1 CAT-i Clart-Ztaao. 
Afaata 



(".) 



n nawci hctioj 

toaaaaalala far aaraaaaal aaa. flra 
alaaraaea, alaaraaea of traaafara aa 
partonnal —flayed mn MD verk • 

tmt Lt. J. I. lahoae) 

■I.. I. I. La* CAP-« "l.rt-Tyi 1 It 
1 CkT-i a.rk.Stao. 
1 Cir-2 ri.rk.TyFl.t 
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ORGANIZATION CHART 
MANHATTAN DISTRICT 

unit ciiaoo ium tmu.nn-1 orries 

*u*a.Tt|o ^ " ■ ^«'»»l 7-l-t$ 

■ cccaafaoco oaft 
...ao.c'o 



_ oatf _ 



PfcTEMT GROUP • AASf 




C*pt. 1. 1. Un 


md»r, OSKD 



Xi Art* Qiglnear, rtiponalbl* for operation of Chicago Are* 
in all it* fnnetlona, loo] udln£ {t&tnl nOAinlatratton, 
■litnuii, lntellifanoe ud ■•eurlty end patent aetl»ltlea 
In oo-plieno* with broad pollele* ud cbjectivee. AdfelDi ■tan 
the ooop»r»tiT» reiaereh progras embracing 23 participating 
inetltutiona. Appro e*a op* rati ng and experimental prcgreau 
and budget eitlaat*** A* euttioriied r»prr nuUt i vo of the 
ooctracting off tear, 1* dlreotly reipomlbl* for adalni it ratios 
and ■ uperrltieu of all WBtraeta in the Chl«*go Are*. 

Colonel Arthur a. fry*, Jr. 

(Civilian political engineer (ClTll), P-T, Chlo. J68 (IB) 
1 Secretary (Stenography), CAF-5, (V) {MR) • 



p 


12 


> * 


4 


ear 




c ► c 
Eogr. 




fropotad 




Cootr. 


3 







PEC'jrrTE officer 

4a £xerutiee Aeaiatant to the araa Engl c«pr, reepooslblr for 
tha execution of all opera ti one of tb* Chicago Ira*. 

Major Donald F. Mood 
I Clerk-Stene,, CAF-3 

A* iiit. to the ExaoutiT* Offinr, perforsa with broad 
dleoreUonary poatre moh dutlee a* directed by the 
tmnrtl'* Offioer. AutherHed rapreiaatatl™ of the Contracting 
Officer, Certifying Officer, D.rar.ent In *e, Ligation 01 f tear f 
Baring! Bond Offle.r, Clair.* Cffloer. 

lit Lt. H. 1. Phillip., A* at. 
1 Cl*rk-Typiit, CAF-J •« 




auni»isTK*Tira 


DIV1SIOM 


J. I. Ban- 


u 




b-t lo, ) 



It F. floury 

Shwt, lo. U » 5 





e Vera H. Punk detailed to thia poaition for a period of 6 monthi from PN 38-1 
(Clerk-Steno., CAF-lij in Security Divleion. 

ea Baployee holding thia poaition aa Clerk-Typiit, CAF-2 due to propoied 
eaneellation of poiition. 

t All personnel of Patent Oroup employed under Contraot Ho. W31-109-eng-38. 



ORGANIZATION CHART 
uVITED STATES ATOMIC ENERGY COMMISSION 



UNIT CHICAGO AREA, CHICAGO, ILLMOIS 

APPROVED - DATE 



CHIKK PBOJECT AJblTQt 

Dirwete and ittaliiitirr lidjii, account, u: fl.oal . 

Chief - Auditor, CAF-11, Chla. 8 

(Kr. ». L. Fbllllpe) 
1 Secretary (StaaogrApfa*), CaJ-u 



(•tmral eupenri.t on of the Chief Project Auditor but with conelderable 
lndi ildual reeponalbllity for tM proper function of audit prooeouroe Id the 
adnlnittratioo of two prl*» oontrecte end all iub-o on tract, thereunder, within 
the jurisdiction of the Chicago Area Office, euperTl.e. under authority ud 
direct! oo of the Chief Project Auditor, through aubordinate .uparrlacri, el 1 
aaployee. in the hone office, engaged In eudit prosed urn for the abote oontraota. 

Chief - Auditor, CAf-9, Chir. 385 

(Win 0. Sorkln) 
1 Cl.r.-typl.t, C 



arnc 

ENL 

r-- 
» r 

cr>e 

• I1CL. 

Propoeei 

vac. 

TOTAL 



\ 

20 





SuHiKVISUiC AUDI TOR 






Supervisee end ci 


»rdinAtei All Actl.itiei pertaining to Pi. 


r*l wad internal au 


dlt. 


Chiaf - Auditor, 
(Kile S. 


CAF-7, Chic. 11 
Ceitleowrry} 









PATliLU. POST AUDIT SnCTIOM 

for poet Audit of cool rector', payroll.. 



Clark, CAP 
(Hit* L. H 
1 Clark, CAP. J 
1 Clerk-Typi.t, CAP-} 
I (PP) Clark-Typlat, CAP- J 



CCHTKAC7 SECTiOll 

Edit, all negotiated doeusiente and aaeQd&ent. therets, 
Reapohelble for historical and coat data on restoration 
and remodeling at aubataatlAtlon in any negotiation 



Chief - Clerk, CAP-!;, Chic 
(Mr., a. L. Sago} 



COST A FISCA1 



fteapon.lble for ■aintenaoca of fi.cal 

accountability rvocrde and control 

Chl.f - Clerk, CAP-6, Chlo, 387 

(Hill C. E. Allan) 
1 Clerk, CAP-U 
1 Clerk, CAJ-J 



and scat 



1HL 



AUDIT aKTICw 

Audita public Touohar. tubal t tad for rwh.bur.meut by prise contractor. 

under Chicago Are* covering materiel, atippllaa, aquipaant, aerrloea, 

* > __j .> < 1 1 ii 



tr«T« 1 and utilltiaa. 

Chief - Clark, CAF-5, Chic. 17 

(Mr.. J. S. LaOulra) 
1 Clark, CAP-ii 
1 Clark, CAP-3 
1 clerk-Typist, CAF-J 



ORGANIZATION CHART 



UNIT CHIBF ef01KTJ.mm. 
SUBMITTED si r '/ D * TE ^"'"^ 

»"«0«D ^~ OATt 



SHEET NO 2 OF 7 SHEETS 



ADMIlISTRATrVa EIVISI01 

Plana, dlreota and ooordinataa all aotlTitlaa of the dirialon. 
Dalagatad authority aa Contracting Offioar and Tranaportatlon 
Officer. Authorlied to aign tranl ordara. Baaponalbla for 
Vork Meaauroment Program and Sarvloo Control. 



Chlaf - (V) Ada. int., CAF-11, Chlo. 

(Mr. J. T. Harria) • 
1 Clerk-Stano., CAF-3 



}U6 (»R) 



H*%OHH* 

OFFIt 

CNL. _ 

f 

9 P - 

CAF- , 30 

C A C r. *t 

mlSCL - 

V»C. U 

TOTAL 5t 



PEBSOMMEL BRAJCH 

Raaponaibla for proceaaing all olTillan paraonnal 
aotloaa within authority dalagatad by tha Dlatrlot 
Office. Maintain! raoorda and filaa. Submlta reporta 
of aotiona affecting Offioar paraonnal. Praparea pay 
and alloaanoa vouohora. 

Chlaf . Clark, 



Chlaf . Clark, CAF-6, Chic. 15 

(Miaa D. U. Caaaady) 
2 Clark-Typiat, CAF-U 
1 Clark-Typiat, CAF-3 



MOTOR POOL 

Baaponalbla for all phaaaa of operation and 
maintenance of Tahialaa, aupply of vehialea 
and apara parta, training of all paraonnal, 
maintenance of required raoorda, inapectian 
of paraonnal and aquipaant, prompt and 
aacurata aubmlaaion of all raquirad raporta 

Chlaf - Motor Vahlcla Dlapatchar, CPC-7, 

(Mr. G. M. Maronda) Chic. 50li 

3 Inapactor (Auto Equip,), CAF-5 
ft Chauffeur, CPC-3 

i Clark-Typiat, CAF-3 

1 (V) Clark-Typiat, CAF-2, (BR) 



TEAFFIC BSAUCa 

Eaapooalbla for all actiTitlaa of branoh. Aa clTlllan 
tranaportatlon agent, furnlahaa Gonrnaaot bill of 
lading and other ahipping documenta to oorar all more- 
aanta ovar oobbod oarriera in aoaordance with axlatlng 
ragulatioaa. AdTlaea Araa Engineer, Dlvlaion and Branoh 
Chlafa on important traffic mattera. 



Chief - Ada. int., CAF-7, Chic. 

(Mr. M. I. Elian) 
2 Clark-Typiat, CAF-3 
1 Clark-Typiat, CIS -3 
1 Truck DriTar (Mad.), Ungr. 
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FILES BHAJICH 

Raaponaibla for tha operation of Mail k Raoorda and 
Claaalfiad Filaa Saotlona. Raaponaibla for dlapoal- 
tion and re 1 1 reman t of all raoord and no n- record 
ma ta rial. 

Chlaf - Mail It File Superriaor, CAF-5, Chio. It36 
(Mra. V. B. Ringlua) 



MAIL k RECORDS SSCTIOU 

Recaivea, routaa, claaaifiaa, diapatohaa and 
filaa all unclaialflad mail for araa. Maintalna 
raoord of mail reoeived. Prarldoa maaaangar and 
raproduation aerrloa. Maintalna atook of offiaa 
auppliaa. Maintalna library. 

Chlaf - (V) Clark, CAF-U, Chic. LiO 

(Mra. P. F. Rooa)« 
1 Clark-Typiat, CAF-3 
1 Clark, CAF-3 
1 Clark-Typiat, CAF-2 

1 Maaaangar, CPC-3 

2 Maaaangar, CPC-2 

1 (V) Maaaangar, CPC-3 (jjj) 



CLASSIFIED FILES SECTIOa 

Racoina, routaa, claaaifiaa, diapatohaa and 
filaa all olaaalfiad material for tha Araa. 
Kaapa raoord of receipt of in coming apocial 
dallTery, regiaterad and inaurad mail) kaapa 
detailed accounting raaorda on all olaaalfiad 
correapondonoa. 

Chief - Clerk, CAF-U, Chic. 184 

(Mra. i. F. CaTanay) 
1 Clerk-Typlat, CAF-3 
1 Clerk, CAF-3 
1 Clerk-Typlat, CAF-2 



• Employee praaantly holding Pa 200 (A3m. Aast., Ck.T-0) and will ba recommended for promotion to PM }Jj6 . 
•• Promotion to Pi uO pending. Praaantly holding PI IOU (Clerk-Typlat, CAF-2). 



VOUCHER BBAUCH 

Raaponaibla for preparation of commercial 
and traTal Touoheraj maintalna raoorda in 
oonneotion therewith. 

Chief - Clark, CAFJt, Chic. UU9 
(Miaa X. C. Raa) 



■APE AJMLMIBTBATIOM BRaUCH 

Raaponaibla for admljiiatration of Contraotora' 
nga ratal and tha audit of applioationa for 
aalary approTal. 

Chief - Clerk, CAF-U, Chic. 27 

(Mra. V. J. Mortara) 
3 Clark-Typiat, CAF-3 



PBOCUBBMgMT BRAUCH 

Looatea auppliaa, material and/or equipment] aoauxea 
bida and quotationai laauaa purohaaa ordarai re— 
oolTea invoieeai proouroa mandatory and/or con- 
trolled ltema under TPS contraotai prooeaaaa 
contractual documenta between Dlatrict Legal 
Section and Contraotor. 

Chlaf - Clark, CAF-U, Chio. 178 

(Miaa J. R. lulp) 
1 Clark-Typiat, CAF-2 



ORGANIZATION CHART 
UNITED STATES ATOMIC ENERGY COMMISSI 01 

UNIT ADtllaLSTSATIVE DIVISION, CHICAGO AREA 

.Tf 1-1J»7 



SUBMITTED 



R E C 0 M M E * Dt aJj<J*LL* ^^p^L ^ 



Dare 



SHEET NO 3 7 SHEETS 



OPERATIONS i/IVISIOM 

Supervisee all operations of Teohnioal, Conitruotlon and Maintenance and 
Safety Branohee. Reviews for uid advises Area Engineer on teohnioal phases 
of reeearch and development program, on approval of oonetruetlon programs 
end aefety pro grama. Cent role inter-project end/or inter Area requeate for 
teohnioal material* Acta as aaaiatent to Area Engineer handling apeclal 
assignments requiring technical background and handle ■ ocntaota with 
participating institution! of Argonne Hatlonal laboratory. 

Chief - Engineer (Civil), P-5, Chic. 290 

(Mr. E. R. Fleury) 
1 Clerk-Steno., CAF-lt 



PE N SONNE L 

ENL. 
P 

9 P 
C * P 

c © c 

Ml 9 CL. 

VAC 



2 
12 



TECHMICAl BRAJ1CH 

Aide and advisee Area Engineer, through Dlrlaion Chief, on teohnioal phaaea of 
program* | aonaulta with Contractora 1 technician! on problem of policy and 
prooedure. Performs in liaiaon aapaoity between other Areaa ajid Contractora 
under Juriadictlon of Chios, go Area In progreaa of re gear oh programs and teohnioal 
mattera oonaerned with aclentifio fielde. Eatabllahea administrative procedures 
for Teohnioal Branch. Superrlaea all activities of Information and Special 
Materia la Seotiona inaludlng maintenance of records. Arrange! all matters with 
Argonne National Laboratory pertaining to participating inatitutiona. 

Chief - Engineer (Chew,), P-U, Chlo. 229 

(Mr. M. B. Rodin) 
1 Ado. Aaet., CAJ-9 
1 Clerk-Steno., CAF-U 



IBTOHMATIOH SECTIOH 

Review/a inter-Area distribution of certain report ■ and oorreapondenee fbr oom- 
pl lance with Diatrlot directives on information interchange and security regu- 
latlona. Processes and distributes teohnioal information which invol v« ■ contacts 
between the Chioago area and other sites. Appro res and fills requeate froa the 
Diatrlot and other sitee for classified documents. Maintains our rent file and 
index of teohnioal reports of prime contractors as well as records of all docu- 
ments declassified In the Area. Prepares monthly narrative report for trene- 
mlttal to Diatrlot Office and other special reports as required by the Area 
Engineer. Transmits reports from other sites to their consultants in this loca- 
tion. Asalata in distribution of Information to participating institutions. 

Chief - (V) Engineer (Chem.) t p-3. Chic 250 (BR) 



SPECIAL MATERIALS SECTIOH 

Purnlahaa unique teohnioal information concerned with preparation, handling and 
diapoaal of special materials) expedites procurement and release of special 
materials of high classification and great urgency in Chios go Area and associated 
Areaa | aohedulea routine metal and chemical samples to Contractor personnel for 
subjection to functional tests and disposal of material after testing! adminiatera 
development and special teat problems under direction of Area Engineeri maintains 
all reccrdsj aaalsta in procuring and reallocating supplies for asaoclated 
Contractors | authorlsea aovasssnt of speolal materials wade by Contractors under 
administration and/or technloal juriadictlon of Chicago Area. Advisee Traffic 
Branch in all technloal mattera. 



Chief - Aide, Scientific, SP-9, 

(Mr. H, E. Armstrong) 
1 Cfceaker, CAF-3 
1 Clerk-Typiat, CAF-3 



Chic. 306 



SAFETY BRAUCK 

Inspects all projects for safety and fire protection) oo- 
operatea with all Contractora to promote services for 
safety and fire protection) pro vide a consultation service 
on safety) oooperstes with Engineering sections, arranges 
for showing of safety motion picture films ) provides poatera 
and other bulletin service) ohecks construction plans to 
include safety) works on traffic problems. 

Chief - Engineer (Safety), P-U, Chio. 1 

(Mr. J. T. Faust) 
1 (V) Engineer (Safety), P-2, (MR) 
1 Clerk-Typiat, CAF-3 



__1 
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CONSTRUCTION * MAINTENANCE BRANCH 




Chief - Supt. (Conitr.), P-5, Chio. 


328 


(Mr. P. C. Mcwn) 
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OPtKATIOnS DITISIQg 

Chlaf- Enginaar (CItII), P-5, Chlo. 290 
(Hr. E. S. Flaury) 



'EMOMIIL 

OFFII 
ENL. 



COMSTBPCTI01 AMD MAIHTEHAMCg BRAMCH 

Aaalata Contraator undar Contrmot W31-109-«ng-38 ^ dataralnatlon of 
raqulrenanta for eonatniatlon, modification and raataratlon, prapara- 
tlon of plana and apaalflaatdona and auparrlalon of oonatruetloni 
alio appro-raa plana, apaoifloationa, work ordara, ooata and aoaplatlon 
of abaaa work wi thin 1 lalti datarnlnad by Araa Rnglnaarj auparriaaa 
■alntananoa of QovamBant-ownad or laaaad facllltlea. 

Chlaf - 8upt. (Conatr.), P-5, Chlo. 328 

(Mr. P. C. Moan) 
1 Clark-Stano., CAF-U 



tWOIB lATIOMAl UBORlTOn 8ECTI0E 

Aaalata Iruab Chlaf la aa a wring naaaaaary Infor- 
mation for plaanlag aad aanatruotloa for all naw 
bulldlnga and altaa. Makaa pralnalnary akatohaa, 
plana and apaelflaatlona far tha aboaw and ra- 
vlawa tha final drawlaga, apaalfiaatlona and 
bldaj raooaawnda aooaptaaoa to Iranoh Chlaf. 
Aaalata building aontraator in locating and pro- 
curing aatarlall for aonatructlon. 

1 Enginaar (Ilaa.), f-Ji 

1 Enginaar (arch.), P-li 

1 (V) tnflnaar (Maoh.), P-li, (81) 

1 (T ) Draftaaan (Aran.), SP-8, (EB) 



a a 


5 


c a a- 


3 


c a c 




ungr. 


" 3 


mid;-- 




v»c- 


2 


Contr. 


1 


TOTAL 





COBTBOL 8ECTI0B , 

Baoorda and routaa work ardarai fonaalioaa 
work ordara praparad by Englnaarai raoaina 
propoaalaj dlatrlbutaa work ordarai typaa 
all work ordara and raporta partalnlng to 
Control 8aatlon a 

Chlaf - Clark-Stano., CAF-3, Chla. J8U 

(Mlii T. S. Plorkowakl) 
1 Photoitit a Bluaprlnt Operator, CAJ-2 



SuTSHVISIOa' OF C0E3TBUCTI0E 

Ondar Branch Chiaf f auparriaaa flald opar&tlona 
partalnlng to aaw ooajtruorlon and nodifloatlan 
anl ohangai to aiiatlag altaa, lnoludlag raatara- 
tlDO of auch altaa. Makai topographical aurraya, 
runa eoatrol larvla ani aata building looatlona 
and gralaa. 

1 Enginaar (Arch.), P-L 

9 Baal nalntananoa Laborar, Ongr. 

1 In«lnaar (Cl»l 1), P-2 

1 Englnxrlng »lda (Cull), SP-4 

1 tngioaarlng ilia (C1.11J, SP-5 

2 tag taaa ring alia (Clall', SP-? 



SITE M0DIPICATI0E, MAIMTEHA11CK a HESTOBATIOB 8ECTI0M 

Makaa raoamandatlona to Branoh Chlaf ragardlng faaalblllty 
of work raquaatai praparaa plana and apaolf loatlona for oon- 
atruotion and iaauanoa of work ordara to oontraotorai ra- 
oalTaa bida and ohaoka ooat aatlaataai aaalata In loaatlng 
and procuring aatarlala by oontraotorai aaalata Iranoh Chlaf 
in nagotiatlona with proparty ownara with ragard to raa to ra- 
tion] praparaa plana and apaol fioatlona and aaouraa ooata 
for raatoratlonj raooaraanda aooaptanoa to Branoh Chlaf. 



Chlaf - Bnginaar (arch.), P-lt, Chlo. 

(Mr. C. Llttj 
1 Enginaar (Maoh.), ft- J 
1 Enginaar (Elao.j, F-3 
1 Draftaaan (Arch. ), SP-8 
1 Draftaaan a 
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OFFICE EOT IBB KB 

Malntalna oard indax ayataa for work 
ooaplatad and work now in prograaa 
ragardlng raatoratlon of oontraotor- 
ownad bulldlngai ohaoka drawlnga 
eoaplatad by Draftaaan agalnat rough 
alojtabaai praparaa anginaarlng oorraa 
pandanoa, raporta and aatiaataa to . 
aub-aontractar. 



Chlaf 



EngiaMr (ClTil), P-2, Chla. 
(Mr. H. L. Darla) JflJ 
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YISITOB COMTROL BRAJCH 

Amalniatan tha iinun of rlaitor pemlti to lntrm 
Dlatrlot rlaitoraj maintaina oloae llaiaon with 
Contraotora In Tliitor control) keepa reoorda of 
Till ton | reporta to Dlatrlot Off loo on foreign 
rliitori. 

Chiof - Inreatigator (Intal. a Sao.), CAF-11, Chla. 

(Mr. J. J. Lannan) 29U 
1 Clerk-Steno., ClF-h (Partial) 



HVB8TIGATITE BRAJCH 

laaponaibla for all intelligence and counter- 
intelligence aotiritiea. SuparTliei and oanduota 
all inveatigationa made by tha Chioago Area Offloa 
aa offloa of origin and for other Area Seourlty 
Offloaa In tha Hanhattan Dlatrlot. Suporriiei 
aotiritiea of Raaldant Security Of floor In Canter- 
line area. 



Chief - Intel, a Seo. Of floor, CAF-11, Chlo. 

(Mr. D. J. Barley) 
1 Imreatigator (Intal. A Sao.), CAF-10 
1 Clark-Steno., CAF-U (Partial) 
1 Clark-Steno., CAF-3 



293 



SECDHITT 



.18101 



Suparrliaa Manhattan Dlatrlot Seourlty and Intelli- 
gence aotiritiea in Berth Dakota, South Dakota, 
■obraaka, Kanaaa, Minneaota, Miaaoniin, Illlnola, 
Mlehigan, Indiana and Ohio. 

Chief - See. * Intel. Officer, CAF-12, Chlo. 250 
(Mr. J. H. Mahoney) 

1 Inreatigator (Intel. * Sao.), CAF-11 

2 Clerk-Stano., CAFJt (1«) 



PLAKT SECURITY BRASCH 

Reaponilble for inapaotion of all faoLlltlea engaged 
in MED work under Chioago Area prljaa and aub- 
oontraati. Wrltai report! for tranamiiilon to Dla- 
trlot Offloa on inapeotlona. Makea reooonandationa 
for lmprorenant of aeourity oondltlona at eaoh in- 
atallation when deenad neaeuery. Beaponilble for 
oontraot termination aeourity aurreya. 

Chief - Inreatigator (Sao. A Intel.), CAF-10, Chlo. 

(Mr. g. M. Haaly) J 50 

1 (7) Clark-Steno., CAF-U (HR) •• 



CRYPTOGRAPHIC BRAJCH 

Reaponalble for lending all olaaalfied and unclaaal- 
fled teletype neiiagea. Raaponaibla for crypto- 
graphic aeourity puriuant to AR 380-5 in trail ■ - 
nlnion and re'oeption of nenagei. 

Chief - lit Lt. H. B. Fhllllpi, Cryptographio Offloer 
1 Teletype Operator, CAF-lt 
1 Clark-Stano., CAF-U (Partial) 
1 Clerk, CAF-3 (Partial) 



PSRSOBKL CLEARANCE BRUCE 

Raaponaibla for peraonnel and fin olearanoe for 
tranafera on peraonnel employed on MED work for 
Chioago Area, Site T and related inatallationa. 

Chief - Inreatigator (Intal. a Sao.), CAF-11, Chlo. 

(Mr. J. J. Lannon) 29U 
2 Clerk-Stano., CAF-U (1 partial) 
1 Clerk-Stano., CAF-3 



PCaaoNNEL 

OFFIC''- •> . 
CNL 

a r 

C A F 

c a c 

MISCL 

vac. 

TOTAL 



17 
19 

1 

Uo 



MAIL A FILE BRAMCH 

Raaponaibla for adainlatration and maintenance of all 
Security Dirlilon fllee. Reiponilble for eolleotlon 
and dlapatoh of all Seourlty Dirlilon nail. Eeepa 
pending nail ayaten for Seourlty Dlrlalon. Soreena 
currant newipapera for newi pertinent to aeourity 
of Chicago Area. 

Chief - Clerk-Steno., CAF-U, Chic. 35 (Partial) 

(Mill g. D. Harro) 
1 Clerk-Typlat, CAF-3 
1 Clark, CAF-3 (Partial) 



SHIPMENT SECURITT BRAHCH 

Raaponaibla for all guarded ihipmenti of MED 
material! originating in the Fifth Army when enroute 
from point of origin to ultimate destination] makea 
ahipment aurreya within tha Fifth Armyi handlaa 
all oourier norenentaj tranamita top aeoret doeu- 
menti and materlala from Chicago to their ultimate 
deatlnationa. 

Chief - lat Lt. T. L. Aton 

lat Lt. H. K. Doty 

1 Clerk, CAF-6 

1 Clerk-Typlit, CAF-U 

U Patrolman, CPC-8 

lU Patrolman, CPC-7 

1 Chauffeur (Maoh. Rap.), CPC-U 



• Detailed to FN U02 for a period of 6 montha. 

Allocation of grade CAF-U preaently under 
queatlon. Dutiea being performed by Lillian 
J. Horrat who ll holding PN 69 ( Clerk-Steno., 
CAF-3 in Personnel Clearanoe Branch). 
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PROPERTY * SUPPLY DIVISION 

Coordinatesj plana and dlreote the actiTltlea of tha Tarioua 
branohea of tha divlalon. Acoountabla Proparty Agent. 



Chief 



Adm. Aaat., CAF-9, Chlo. 503 
{Mr. R. L. Quinlin) 



REQUIREMENTS, STORAGE A ISSUE AMI) WAREHOUSE BRANCH 

Raaponaibla for looatlag aoaroa mandatory or oon- 
trolled ltema through othar Government agencies, 
arrangaa for proourement of purohaaa of auoh ltama 
and of thoaa aoqulrad by WAA ait« aalaa. Adriaaa 
and infonaa scientific and oonatruction personnel 
of availability of auoh equipment. Receirea Con- 
tractor* a purohaaa requiaitiona. Expedites 
deliveries. Reviews 'AAA and District surplus lists. 
Arrangaa for attaodanoa of lntareatad personnel at 
1AA sita aalaa. SuparTiaaa funotlons of Recalling, 
Small Storaa and Warehouse Section* 

Chief - Storekeeper, CAF-7, Chlo, U27 

(Mr. J. P. Cox) 
1 Clerk-Stenn., CAF-3 



RECEIVING, SMALL STORES AMD WAREHOUSE SECT ION 

Raaponaibla for reoalrlng equipment, packing and 
orating outgoing ahlpnenta and preparation of 
tranafer dooumenta. Arrangaa for adequate wa- 
houaing. Controla oparatlona regarding maintenanee 
of offloa furniture and equipment. Provldea labor, 
makes looal deliveries and piok-upa for Area, 
Opermtea aaall atorea atookroomj maintaina atook 
raoorda. 

Chief - Clerk, CAF-U, Chlo. 3U7 

(Mr. D. F. Greig) 
1 Storekeeper, CAF-U 
3 Clark- Typlat, CAF-3 (1 partial) 
1 Clerk-Typlat, CAF-2 

1 n , »r- jf— J t*»<n n\yt*<nro) 

1 Warehouse Laborer (Partial) 
1 Laborer • 



REPORTS A SPECIAL ASSIGNMENT BRANCH 

Reaponalble for reporta required by regulations. 
Conduota raaearoh of reoorda and oorreapondenoe 
on unique problenta. Makea oontinuoua aeleotive 
audita of reoorda of receipt and iaaue of Special 
Materlala Section. Maintaina reoorda covering 
receipt and iaaue of -oil and gaaoline prooured 
for and conauned by Area Motor Pool. 

:hief - Clerk, CAF-5, Chlo. U38 

(Mlaa S. A. Druktenia) 
1 Clerk-Typlat, CAF-2 (Partial) 
1 (PP) Clerk-Typlat, CAF-2 



PROPERTY RECORDS (CONTRACTOR) BRANCH 

Reaponalble for maintaining property reoorda in aooordance 
with regulatlona of all Government-owned property In 
poaaeaaion of Contraotora under Juriadlction of Chicago 
Area. 

Chief - Clerk, CAF-6, Chio. 3U9 
(Hies M. R. Sack) 

2 Clerk-Typlat, CAF-U 

3 Clerk-Typiat, CAF-3 
2 Clerk, CAF-3 

2 (PP) Clerk-Typlat, CAF-2 



PROPERTY DISPOSAL A INVENTORY BRANCH 

Reaponalble for declaration of exaeaa property to Dlatriot - 
Office and of aurplua property to KAA. Makea nail lot aalaa. 
Obtaina acrap determination from WAA for dlapoaition of exoeaa 
aornp iteraa. Diapoaea of- nominal quantitiea of aorap by bid 
looally. Controla aotlvitiea of Inventory A Exoeaa Material 
Storage end Real A Inatalled Property Reoorda Seotlona. 

Chief - Clerk, CAF-6, Chlo. llU 

(Mr. J. T. Hartley) 
3 Clerk-Typlat, CAF-J (2 partial) 
1 Clerk-Typiat, CAF-2 



INVENTORY A EXCESS MATERIAL STORAGE SECTION 

Arranges for and la raaponaibla for inventory of all Government- 
owned property and for aaaignnent of USA numbera. Makea arrange- 
ment for adequate atorage apaoe for exoeaa and aurplua property. 

Chief - Clerk, CAF-6, Chio. 261 

(Mr. J. P. Duffy) 
1 Procurement Inspector, CAF-5 
1 Clerk-Typlat, CAF-2 
1 Warehouse Laborer, Ungr. (Partial) 
1 Laborer • 



REAL A INSTALLED PROPERTY RECORDS SECTION 

Maintaina Aooountable Property reoorda of Real and 
Inatalled Claaa "A" Property. 

Chief - Clerk-Typlat, CAF-3, Chic. 382 (Partial) 
(Mlaa C. S. Burke) 



PERSONNEL 

o'fte < 

ENL. 

P 

9 P 

cap .30 

cpc - ■•- „ 

Propoaed S 

MIICL:-— . 

Ungr. T 

vac- 

Contr. 2 

TOTAL - " " _ 58 



MILITARY PROPERTY RECORDS A CONTRACTOR'S AUDIT BRANCH 



Aa Speoial Aaalatant to Division Chief, eatabliahea 
and/ or reooonasnda improvements In prooedurea. 
Designated Agent. Supervises aotlrltlei of Saleotiva 
Audit and Property Raoorde (Station Military Aoct. ) 
Sactiona. 

Chief - Clerk, CAF-6, Chio. U35 

(Mra. Q. C. Flnan) 



SELECTIVE AUDIT 8ECT10N 

Makea" oontinuoua selective audit of Contraotora' 
reoorda. Conduota inventoriea of itema in atook 
and aubmlta to Contractor for adjuatment, if 
neoeaaary. Conduota unanticipated cheoka of 
Contraotora* receiving activitiea to inaura 
oonformanoe with prooedurea. 

Chief - Clerk, CAF-5, Chic. 262 
(Mr. J. Makipaa, Jr.) 



PROPERTY RECORDS (STATION MILITARY ACCT) SECTICB 

Reaponalble for maintaining property reoorda in 
aooordance with regulatlona of all Government-owned 
property in poaaeaaion of Station Military Aocount. 

Chief - Clerk, CAF-U, Chlo. 305 

(Mlaa M. M. Pokerney) 
2 Clerk-Typlat, CAF-2 (1 partial) 
1 (PP) Clerk-Typiat, CAF-2 



• On Contractor' • payroll. 
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REPORTS 

(Note: References listed immediately below are Metallurgical Laboratory 
reports on file in the library of the Metallurgical Laboratory.) 



Wo. 
1 

2 



Report No. 
C-101 
A-15C 

CP-1136 
CF-413 

A-55 

C-1 

CP-24ES 



Title 



CP- 19 65 
CP-230I 
CP-274D 
CP-SlSt 



"Report for Week Ending May 50, 1942 

"The Chemical Properties of Elements 
93 and 94", G. T. Seaborg and A. C. 
Wahl. (Mar oh 19, 1942) 

"Loading for Eanford 505 Pile", E. L. 
Anderson. (December 11, 1943) 

"Experimental Production of a Divergent 
Chain Reaction* , E. Fermi. 

"Reaction in Systems Composed of Ketal 
and Carbon", L. S Ei lard 

"Discussion of the Homogeneous and 

Lattice Arrangements for Power Plants", 
E. P. Wigner 

W A Brief Description of the Argonne 
Uraniun -Graphite Pile (CP-2) 
R. E. lietoalf. (December 20, 1944) 

Monthly reports, as indicated, of 
research at Argonne Laboratory. 
July, 1944. 
Ootober, 1944 
February, 194C 
June, 1945 



^^^^^^^ 
^^^^ 



Appendix C (Cont'd) 



Fio. 

e 



10 



11 



12 



15 



Report Ko. 
CE-277 

CE-4Q7 



14 



CN-1188 

CT-2624 

CE-2618 
E-129S 

N-1146p 

CP-1940 
CP-2798 

H-1575 
CP-168C 
CP-16C7 
KUC-WJ-154 



Title 

"Preliminary Process Design of Poorer 
Plant", T. V. iSoore, I. C. Leverett. 
(September 25, 1942) 

"Preliminary Process Design of Liquid 
Cooled Pwer Plant Producing 6 x 105i 
Kff", *». G. J. Boiseevain, E. P. Winner, 
et el. (January 9, 1945) 

"Report for fconth Ending January 5, 1944; 
General Engineering Section, Technical 
Division", 0, B. Kidd, J. 0. Kaloney. 

"Film Formation in W ?T Annulus", ft. E, 
liar 8 on, Is. J, Ssulinski . (December 
25, 1944) 

"Radiation vs. Corrosion", K. Brigge 
(April 7, 1945) 

"Coraraente on Proposed Canning Procedures" , 
B. K. Allison, E. C. Creuta. (January 
12, 1944) 

"Work on Long Cartridge Jaoket at 
Aluminum Company", (k*DC-£C-102) 
(July 12, 1944) 

"Warping in Long Cartridges' 1 , G. Young* 
(July 25, 1944) 

"Kxperioental Production of Die Caet 
Slug Coatings", J. H. Chapin. (March 
27, 1948) 

"Discussions Concerning; Design and Use 
of Project Instruments* 1 , G. g. Monk. 

"All-Plastic Optical System for Project 
Purposes", G. S. Monk. (May 6, 1944) 

"Botes on Coloration of Optical Mater- 
ials", G. £. Monk, (iky 11, 1944) 



"C 



atalog of lllBtruB»»tfe' , ' f* A ' / }&na » 
D. L. Collinc, If. Paleveky. (June 1, 

1945) 
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Report Ko, 
K-1806 

CT-2633 

CT-1897 

CP-2774 

CN-1017 

CN-1315 



CN-2! 
CH-SOOO 
C5-2124 



Title 

"Reports to Swell Committee", B. C. 
Creutz . 

"Supersonic Flaw Detector, Lodel IT", 
R. F. Flatt. 

"Supersonio Transmission ISeasuresaentB on 
Various Sfuaples", F. A. Firestone, W. 
G. Lancton . (July 4, 1944). 

"Final Keport on Swe 1 1 Dstection by Pusher 
k'ethod" , W. B. Shank, M. Krankel. 
(November 11, 1944) 

"Survey of Separations Processes", 
W. ?j. Armstrong, E. B. Gilbert, J. 0* 
Kaloney. (October 29, 1943) 

"A Brief Sunmary of Methods for Extrac- 
tion, Decontamination, Concentration 
and Isolation of Product", (January 
28, 1944) 

"Survey of Separations Processes 
Clark. (Au£ust 1, 1944) 

"Separations Processes for Plutonium" , 

0. T. Seaborg and associates;. (May, 1945) 

"Information Meeting (Checiistry)" , 
Project Council. (August 22, 1944) 



W-2288 eng-525 



W-2288 eng-149 



LEASES 

Lease for use of 108 f 
sores of Arfconne 
Forest, Chicago 



File 601.65 
Chicago Areti Office 



Lease for use of arse. File 601.53 

at 56th St. and Ingle- Chicago Area Office 

side Avenue, Chioago 



W- 11- 114 eng-670 Lease for use of 124th File 601. 5S 

Field Artillery Armory, Chioago Area Office 
62nd St. and Cottage 
Grove Avenue, Chicago 
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DOCU13ENTART *CRMB 

Desoriptioa 

General Contraotual Informati on 

Extraote from Construction Collet ion Report 




GENERAL CONTRACTUAL IfcPOKMATIOJ! 

Government research arid development contracts in connection with 
the File Project reeearoh progran et the Metallurgical Laboratory are 
on e cost plus overhead basis, la the case of eaoh contractor, pro- 
portional allowances for overhead are not in excess of those normally 
oharged by the contractor as evidenced by the records of the contrac- 
tor over a period of two years prior to the effective date of the con- 
tract. 

Payment to the contractor is accomplished by reimbursement on 
vouchers submitted by the contractor only after such vouohere have been 
approved for payment in accordance with standard Government accounting 
procedures . 

The specialised nature of the Pile Project research work limited 
the ohoice of contractors. Primary cone iderati one in the final selec- 
tion of a contractor for specific research work are the contractor's 
experience, facilities, and trained personnel. Other factors, such as 
prior relatione with the OSRD and the Manhattan District, location, and 
considerations of fiecurity also play an important part in the final 
selection. 




D-1 




I 



ARMY S3WICB FORCES 
tfeiitod States Engineer Office 
Manhattan District 
Chioago Area Office 



EXTRACT?: FRO** CmSTRWTlJ i COKTLSTICfrf RSPOnT 
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EXPENDITURE SUUIARY OF CONSTRUCTION WORK FOR SSTALLDRGICAL 
LABORATORIES OF THE UNIVERSITY OF CHICAGO 



Site "A" — f 609,400.02 

Site "B" ■ — 583,868.92 

New Cheraietry arid Annex — — - 668,126.41 

Armory 162,196.66 

The Uni varsity of Ohioago Laboratories 131,880.45 

Total $£,164,912.86 

> 




comETio?; report 

SITE "A* 



SKCTIOK I 

1. this project, known at Arfonne or "Site A," it located in the 
southwest part of Cook County, Illinois, Felos township, on the south 
aide of State highway $4A, also known as Aroher Avenue, approximately 

5 miles northeast of the Tillage of Lemont, Illinois, in the area known 
as Argonne Forest of Cook County Forest Preserve, 

The project is constructed for and is being used for labora- 
tory investigation by the Metallurgical Laboratory of the University 
of Chicago. Access to the site is provided by « crushed atone and 
cinder road approximately S/t raile long. This access rosd begins at 
highway #4A, in an easterly direction at a point approximately 1 - l/e 
mile southwest of the triangular intersection of highway and 96th 
Street South, Chicago, Illinois. 

Transportation facilities include the State highway f4A t the 
Chicago and Alton Railroad, the. Atohison, Topeka and Santa Fe Railroad, 
and the Illinois and Miohlgan ship oanal. Th* railroads and canal lie 
immediately northwest of State Highway #4 A with terminal facilities in 
the village of Lestont. 

2. The area oonsists of approximately 1086 acres, leased fro* the 
Forest Preserve District of Cook County, Illinois. The area of the 
building site is approx innately 16 aores and is loeated within an inner 
double fence at an approximate elevation of 74H feet above see level. 
Flood lighting is provided to illuminate the inner fence at night. An 
outer fence comprising an area of approximately 202 acres encompasses 
the inner fence area. A lower lodge guard house is located at the 
aeoess road approximately 100C feet southeast of highway #4A. The 
terrain Is hilly and heavily wooded with hardwood trees and hawthorn* 
brush, with the exception of the southeast corner of the 1086 acres, 

on which is loeated an abandoned 16 hole golf course. A disposal pit 
for contaminated property brought to Argonne from other sites is loeated 
approximately 5/tf mile northeast of the building- site at an elevation of 
nearly TOO feet above sea level. TMb plot is designated as plot """ 
on the plot plan. It is 90 ft. x 16C ft, and is enclosed by a concrete 
curbing *• deep into the ground an<' a cyclone type wire fence 7' high. 

All the buildinge except Building "A, 1 * the lower lodge and 
the lead foundry, were constructed under government contract and are 
located at? shown on plot plan Drawinf Ho. A-46. 

buildinf t. is » two story and basement structure, masonry - 
first story, stud and wood siding - second story. A guard sentry cup- 
ols located or the roof of this building let manned continuously. 
Part of Building and Building R are of masonry construction, the 
other buildlnf e and connecting- passage*, are wood stud an cement asbest- 
os sidin<* construction except the Mess Hall and dormitory which are 
standard T.Q. series 700 construction. 

The Dormitory building 0 consists of 5 unite of 2 bedroom*, £ 



toilet rooroe with shower end one living room combined, to accommodate 
single won and scientists requiring overnight stay on the site. 

/ tennis court is provided for the recrestion of ecade-ic 
personnel. 

Facilities for meking special apparatus for the scientists 
are provided for by the installation of a carpenter shop, machine 
shop, lead foundry, and u glass "blowing shop. A stock room carries a 
BTcall supply of expendable items siost likely needed for laboratory re- 
search work and upkeep. 

The total floor area of all site buildinrs is 64,200 eq. feet. 

5, the following contracts were negotiated for the construction 
of "Site A." 



Hu-nber 



Contractor 



Amount 



Lump Sum Government Contracts 



W-7401 
W-7401 
W-7401 

W-7401 
W-7401 
W-7401 
W-7401 
W-7401 
W-7405 
W-7409 
W-7421 
W-7401 
W-7401 



enf-8 E. L. Lonergan $162,181.47 

eng-10 Bar Brothers 8,125.65 

eng-11 L. E. Meyers «- Co. 10,973.00 

enf-16 Piping Contractors 6,429.00 

eng-17 Daviea Electric 12,246.89 

eng-18 E. S. Claffey Co. 15,676.71 

•ng-2£ E. L. Lonergan 24,496.22 

eng-114 £. L. Lonergan 286,518.85 

eng-14 7 fitter Cooling Equipment 2,896.00 

•ng-263 Permutt Co. 6,560.00 

•ng-40 Chicago Bridge * Iron 6,020.00 

eng-5 S. B. Ceiger Co. 2,140.60 

eng-146 Skidraore, Owing 8 4 Merrill 15,200.00 

eng-15 Stone I Webster 56,867.55 



575,064.44 



Subcontracts to 7401 eng-37 

7401-37-61 Saroiel R. Lewis 904.00 

7401-57-80 H. P. Reger & Co. 2,860.75 

7401-57-79 Bulley * Andrews 6,050.56 



8,315.29 



F. 0. M0-S347 



Metallurgical Laboratory Purchase Orders 



Srnest Freeaan * Co. 



Government Purchase Orders 



9£ • 6 ... 



95. 91 



P. 0. 347fc 

P. 0. 5470 

F. 0. 5474 

P. 0. 547S 

P. 0. 547* 

P. 0. 5471 



H. P. Reger « Co. 
E. P. Reger 6c Co. 
Davies Electric Co. 
Davies Electric Co. 
Device Electric Co. 
Davies Electric Co. 
Davies Electric Co. 



220.00 
162. 5C 
457.90 
485.06 
62.00 
4SB.5& 
175.81 



p. 


0. 


8712 


^iesterlin t Campbell £ 


l f 163.00 


p. 


0. 


8450 


Yiti uteri i*i A CaTiDbell 


375.00 


p. 


0. 


870 


E. L . Lonerca.'i. 


616.45 


p. 


0* 


7962 


F . v. Lonertim 


1 976.95 


p. 


0. 


3356 


Thomson F n^ineerinc Co. 


1.726.90 


p. 


0. 


8746 


Illinois Window Shade Co. 


2S.13 


p. 


0. 


mse 


Davie s Electric Co* 


81.39 


p. 


0. 


1114C 


Davict? Electric Co* 


155.44 


F. 


0. 


11160 


Davies Electric Co* 


356*51 


P. 


0. 


1116E 


Davies Electric Co* 


296.17 


P, 


0. 


747 6 


Bevies Electric Co* 


1.469.26 


P. 


G. 


12002 


Davie b Eleetrio Co* 


807.23 


P. 


0. 


12576 


Bevies Electric Co. 


823.85 


P. 


0. 


27116 


Davies Electric Co. 


1.193.37 


p. 

* • 


0. 


2811S 


D&vlss Electric Co . 


749.39 


p. 

* • 


w • 


26823 

■*? **p %#**f W 


Davies Electric Co _ 


476.29 


p. 




12725 


Davie r. El •e'hi* ic Co. 


1 794.45 


P. 

* • 


0. 


8718 


K. P. Hearer A* Co * 

U 9 ft • IlVkDl MX- WW 9 


310.00 

Or AW 0 W v 


P. 


0. 


7411 


H. P. Be per it Co. 


160.00 


P. 


0. 


7475 


E. P. Reser * Co. 


595.16 


P. 


0. 


7795 


fi. P. Reger & Co* 


74,78 


P. 


0. 


7786 


fi. P. Reger * Co. 


1,829.01 


P. 


0. 


12361 


H« P. Seger * Co. 


1.761.13 


P. 


0. 


11 803 


Ostberg Seed Co. 


66.00 


P. 


0. 


12010 


Schuckatell Co. 


481.16 


P. 


0. 


8420 


L. E. Meyers Co. 


290,00 


P. 


0. 


12493 


t. &. Severe Co* 


94.25 


P. 


0. 


28337 


Men* Belting * Spec. Co. 


94.71 


P. 


0. 


8469 


Bui ley and Andrews 


139*90 


P. 


0. 


7637 


ftesterlin * Campbell 


865. 00 


P. 


0. 


7165 


J. I. Reeves 


247.80 


P. 


0. 


7123 


Boom Elec. tc Amp. Co. 


1,290.00 


P. 


0. 


7832 


Boom Elec. & Amp. Cc. 


3.622.00 



2 1,924. 3< 



Grand total up to 1 October 1945 $609,400.02 



Heme 



Address 



Type 6f Contractor 



t. L. Lonergan 
Bar Brothers 
L. K. Beyers 4 Co. 
Davie s Sleet. Co. 
E. 6. Clef fey Co. 
Per»utt Co. 
Chicago Bridpe * 

Iron Co. 
S. E. Ceiger Co. 
Bkidmore, Owninpc 

ft Kerrlll 
Stone & Webster 



203 S. Wabash 
Mazon, 111. 
53 *. Jackson 
126 H. Jefferson 
8 W. Illinois 
40? £. Dearborn 
33K S. Michigan 

87 f,. van burer 

104 S. Kichigai, 

31; S. Clark 8t. 



General Contractore 
Fence Contractors 
Building 

Electrieal Contractors 

Heating 

later Conditioning 
Bridge & Iron 

Well Contractora 
Architects 

Engineering 




Sa*auel E. Lewis 
H. P» Reger t Co, 
Bui ley ft 'ndrews 
Ernest Freeman & Co. 
Tiles terlin & Campbell 
Thomson Engineering Co. 
Illinois Yiindow Shade 
Co. 

Ostberf Seed Co. 
Sehuckmoll Co. 
Vosa Bolting A; Spec. 
Co. 

J. I. Reeves 

Book Elec. * Amp* Co. 



407 S. Dearborn 
1501 K. 72nd Place 
2040 W. Harrison St. 
416 ft, lirie 
1115 W, Cornelia 
205 K. Wacker 

4LE4 8. Cottage Grovt- 
7501 S. Yioodlam. 
5757 S. Sorth 

5501 N« Ravens wood 
1547 17. Ardmore 
1227 fc. Viaahincton 



fcn^ineerinr 
Heating & Plumbing 
General Contractors 
Elco. Contractors 
Ice Machinery 
Pump Contractors 

Jfindo* Shades 
Grass 

Window Shades 

Belting & Spec. Co. 
General Contractor 
Electrlo A Amplifier 



4* No unusual conditions occurred during the period of construc- 
tion. The arehiteot-en^ineers and the contractors executed the work 
satisfactorily and with dispatch. Zt is recommended that these firms 
be given favorable consideration for other Government construction 
work. 

5. Starting date ©f construction work was 14 September 1942. 

The operator started to work in December 1942. Completion of construc- 
tion work was 1 October 1944, with the exception of Contract No. 7401- 
57-79 which Is incomplete and still active. 

6. Job reoords comprising legal description of property, n&pt , 
layouts, record drawings, and completion reports arts available in th< 
offioe of the area Engineer, Chicago Area Office. 

7. Water for the site is pumped from a drilled well 508 feet 
deep into an elevated steel storage tank ef 7&,000 gallon capacity. 
The overflow of the water storage tank is looated 154* abovu the pump 
head, and an average water pressure of 5£ pounds per square inch is 
maintained. A actor driven ohlorinator feeds a chlorine solution, into 
the pump header, periodically camples of water are sent to the 
Illinois State Department of Public Health for analysis. The weekly 
quantity of water pumped ie approximately 115,000 gallons. 

Eo gas line ie extended into the Site. 

Electricity 1b supplied by the Public Service Company of 
Northern Illinois, tc a transformer bank of 1500 kilowatt capacity, 
440/220 volt, 5 phase, 80 cycle A,C. and 110 volt, single phase, $1 
cycle A,C. is available at Inner site Area. An emergency power plant 
ef 1C kilowatt capacity it automatically put into service, should th< 
power company service fail. 

Heating ie provided by one 100 H.P. high pressure Keewaaet 
boiler located in Building K. Thie boiler is equipped with an under- 
feed bin stoker, and connected through pipinr to Buildings A-E and H. 
A hiph pressure heat exchange; provides recirculated hot water for beat- 
inr Building B, C and I). The Mess Hall and Dormitory are heated by 
individual eoal stoves. The original low pressure boiler in Bui ldin 
A serves as a standby unit in oaae of failure- of main heating: plant. 



For fir* protection, six (6) standard fire hydrants with 
hone ar« installed. A fire squad of non-academic personnel is train- 
ed by the operators of the site and in the event of a large fire, ar- 
ranfements have been made to call the Lecont fire department* 

Sewerage disposal it> provided for by the installation of a 
septic tank, located east of site, outside the inner fence, under- 
ground piping extends fro the septic tank: to the various buildings on 
the site proper. 

SECTION II 

1. All the above contracts were lump su-n agreements, without 
any additional oost to the government, other than the Area Engineers 
and District Office overhead, and this figure is sot available, 

2. He government materials were transferred in to thif site from 
any other project. 



CC&IFLETTOH REPORT 
SITii r> 



sec Tim: i 

X. ThiB project, known as "Site E", is ari addition and altera- 
tions to two University of Chicago owned buildings located at 6111 
TJiivereity Avenue, Chicago, Cool: County, Illinois, and is in art apart- 
ment house distriot. It is being used for laboratory investigation by 
the Metallurgio&l Laboratory of trie University of Chicago. There are 
no railroad connect iono direotly with the project, but is easily ac- 
cessible by true!: or van. 

2. XiorV consisted of the construction of a two story addition 
and alterations to tho two buildings already oh the Bite (a plot of 
ground 250 « x 1 7£j » ) . There wis a total of 31,619 sq. ft, floor spaoc 
before and 62,671 sq. ft. floor space after oonstruotion. The site 
is Govorncient controlled under the terras of Contract tJo. W-7401-eng- 
37, 

H 

3* 



Number 



W-7401-eng-146 
?j-7401-eng-l32 



7401-37-61 
7401-37-62 
7401-37-63 
7401-37-64 
7401-37-70 
7401-37-77 
7401-37-74 
7401-37-70 
7401-37-71 
7401-37-75 
7401-37-79 
7401-37-81 



P.O. 40735 



P.O. 8342 



Cont motor Amount 

Lump Sum Governraent Contracts 

Skidrcore, OwingB * Merrill J 22,300.00 

Bulley ft Andrews 161,427.62 

Subcontracts to 740i-eng-37 

Bulley ft Andrews 86,928.82 

Ernest Freema.. ft Co. 21,979.22 

fillips, Gotsohow Co. 45,141.63 

O'Callaghan Brothers 21,840.63 

Skidaorej, Owinga & Merrill 14,000.00 

0»Calla£han Broth* rs 11,020.10 

Ernest Freersan ft Co. 40,280.92 

Bulley ft Andrews 42,4.91.61 

Phillips, Gotsohow Co. 45,620.92 

Narowetz, Ht£. ft Vent. Co. 11,056.91 

Bulley ft Andrewe 52,645.23 

Sanual fc. Lewis 1,700.66 

Metallurgical Laboratory Purchase Orders 

Narowets Rtg. & Vent. Co. 3,373.00 

Government Purahace Orders 

Rational Electric Tool Co. 37.50 



183,727.62 



396,720.80 



3,?73.O0 



* Inoaaplete - Still Active 



P.O. 12153 Cert. Burg. Alans Systems | 100.00 137.60 



Grand Total up to October 1, 194f; 

3. con*t, 
l$mo Address 



Skidraore, Owin,'S A- Merrill 104 S. 

Pulley I- Andrews 2040 W 

Ernest FrooraeUi A Co. 416 W, 

ttiillips, Getsehov.' Co. 82 ft. 

O'Callaghan Brothers 21 S. 

Karowets Htg. * Vent. Co. 1722 K 

Samuel R. Lewi* 407 S. 

Rational Eloo. Tool Co. 191E S 

Cert. Burg. Alarm Systems 1410 fv 



Michigan Ave. 
Harris tori St. 
Srie Street 
Hubbard 
Groen Street 
. Washington 
Dearborn 
. State St. 
. Augusta 



Tyjjo of Contractor 

^ — 

Arohi toots 
General Contractors 
Electrical Coritr&otors 
Hoatinc Contractors 
Pluinbing Contractors 
Heat inn & Ventilating 
Engineering 
Eluotrioal Contraotore 
Burglar Alarum 



4. There were no unusual conditions during thrs period of construct- 
ion, and the* contractor exwcutiKl tho work satisfactorily and with dis- 
patch. 

5. The starting date of the construction wort; wue 1 May 1943 and 
tfie completion date wae 1 October 19-14, except for contract No. 7401- 
37-79 which is incomplete and is still actives. 

The operator started using the building on 10 June 1945. 

6. Job records, including layouts and record drawings, arc avail- 
able in the office of the Area Engineer. 

7. A 450 EVA 120V-208V, 4 wire sorvioo was installed for electrio- 
al power facilities and later was increased to a 600 KVA 120V-208V, 4 
wire sorvioo in order to accomodate the increased demand of the lab- 
oratory installations. 

The water facilities were expended frow the existing -i" water 
service at 80, press ure. 

Trio gaB facilities were extended through a nev; 3'* line from 
gas main in street. 

The drainage facilities were extender] from existing 4" oast 
iron and 4" vitreouc tile linec under floor and rerouted to meet the 
demands of the laboratories. 

The building ie heated with oast iron diroct stean radiators. 
Steam enters th« building froR the University of Chicago G'' main 
through a net. 4" main at 1&0 p.s.i. It ie roduoed in presourc to about 
& p.s.i. for use iu the radiators, to about 25 p.s.i. for heating do- 
mestic water and for special usee , and part ie transmitted fit initial 
pressure for laboratory usee. 



1. All the above contracts were lum but agreernents and there 



wiB.no additional cost to the covernnent other thun the* Area anginoore 
and DiGtrict Office ovarium d and that figure is not available, 

2. There were no mterials transferred lii from any othor pro- 
ject. 



COi'.PLETIOK REPORT 
RE* OfEKISTRY BUILDING AND AKK 



SFCTIOK I 



1. The K«7- Chemistry Building and Annex, whose entrance address 
ie 6625 £. Ingleside Avenue, Chicago, Illinois, faoei west along Ingle- 
side Avenue fron 66th Street on the north to 6?th Street on the south 
and an alley on the East. 

It ie used for laboratory investigation by the fcsetallurgioal 
Laboratory personnel of the University of Chicago. The closest railroad 
is located approximately one mile eact, however, automobile or truck 
transportation ie convenient. The project Is located in the midst r.f 
multiple apartment building*;. A street oar line is located about 700' 
north . 

2. The entire building, which ie one story high, covers a rectangu- ' 
lar area approximately 597 .0* x 115. 0' whioh e quale 68,823 sq. feet, or 
1.56 acres* Before construction, the grounds were -vao&nt and foriaerly 
used a6 tennis courts. The land was aoquired from the University of 
Chicago under Lease Do. Tt-2288-eng-l49 and is governxoent controlled under 
the terms of Contract No. W-7401-eng-37, 



Kuaber 



Contractor 



Amount 



W-7401-ong-13 

*-7401-eng-l 

W-7401-eng-2 

W-7401-eng-S 

W-7401-eng-5 

W-7401-eng-6 

W-7401-eng-7 

W-7401-eng-59 

lS-7401-eng-66 



Stone & Webster 

E. L. Loner gan 

E. L. Lonergan 

E. P. Reger * Co. 

Hoffman Eleotric Co. 

W. W. Kimball Co. 

E. F. Reger & Co. 

£. L. Lonergan 

S5cidir.ore, Owing s k Merrill 

E. L. Lonergan 

Skidmore, Owing e *• Merrill 

P. Naoey Co. 



t £3,412.62 



W-7401-«ng-l66 
W-7401-eng-166 
W-7401-eng-177 



57,326.39 
4,650.67 
29,064.00 
11,666.67 
24,351.50 
28,748.24 

176,427.83 
13,661.60 

225,349.77 
19,200.00 



13,023.00 633,892.19 



Subcontracts to 7401-eng-37 



7401-37-79 
(Still Active) 



Bui ley and Andrews 



16, 181.32 19,181.32 



Metallurgies! Laboratory Fur chase Orders 



P.O. K0-332C 
F.O. WO -3347 
P.O. MO-3865 



H. P. Reger 4 Co. 
Ernest Free f, **i & Co. 
Keynoldt Corf- 



19.00 
58.25 
64.21 



P.O. 1»-S346 
P.O. 10-3340 
P.O. W -44993 



Bulloy ?• Andrews 
Phillips, Getschow Co* 
Refrigeration Systems, Inc. 

Government Purchase Orders 



59.35 
225.18 
1.365.00 1,775.02 



P.O. 2773-3147 Aorae Sheet ktetal Works 

P.O. 7131 Hoffman Electric Co. 

P.O. 29065 Hoffman Electric Co. 

P.O. 28966 Hoffman Eleotrio Co. 

P.O. 12692 Hoffman Eleotrio Co. 

P.O. 7017 Otto If. Stein 

P.O.. 28930 R. P. Reger ft Co. 

P.O. 2732S T\, F. Reger ft Co. 

P.O. 12748 H. P. Reger ft Co. 

P.O. 11805 Sohuokraell Co. 

F.o. Kilt Weber Costello Co. 

P.O. 12223 Reynolds Corp. 

F.O. 27037 Reynolds Corp. 

P.O. 294 66 Reynolds Corp. 

P.O. 8469 Bui ley & Andrews 

P.O. 28869 Bui ley ft Andrews 

P.O. 11996 Phillips, Getsohow Co. 

P.O. 8487 O'Callaghan Bros., Inc. 

P.O. 12465 Ernest Freeman ft Co. 

P.O. 7159 E. L. Lonergen 

P.O. 7164 E. L. Lanergan 

Grand Total up to 1 October 1945 



Contraotor8 t 

KM Address 



Stone ft Webster 
E. L. Lonergan 
B. P. Reger ft Co. 
Hoffman Eleotrio Co. 
W. W. Kimball Co. 
Skidmore, Cwinge ft Merrill 

P. Nacey Company 
Bui ley ft Andrews 

Ernest Freeman Co. 
Reynolds Corporation 
Phillips, Getsohov. Co. 
Refrigeration Systems, Inc. 

Aomt Sheet Metal Works 



53 S* Clark St. 
203 K. Wabash St. 
1501 E. 72nd Place 
2525 W. Van Buren 
306 S. Wabash 
104 S. Michigan 
Ave. 

927 S. Statfc St. 
2040 W. Harrison 
St. 

41C W. Erie St. 
4228 S. Lowe Ave. 
32 W. Hubbard 
646 W. Washington 

Blvd. 
1121 E. 55th St. 



294.85 
138.00 
30.80 
739.76 
1,688.77 
150.00 
1,748 .56 
747.65 
1,653.97 
591.10 
36.30 
878.00 
59.20 
1,303.39 
473.79 
30.89 
81.19 
6.28 
14.69 
1,812.00 

1,100.00 15,277.88 



1668.126.41 



Type of Contractor 

Architects ft Engineers 
General Contractors 
Plumbing * Heating 
Eleot. Const. 
Furniture 



Arohitoots ft Engineers 
Sprinklers 

General Contractors 
Eleotrioal Contractors 
Venti lating 
Heating Contractors 

Engineers 

Sheet Metal Works 



Otto hm Stein 14 E. Jackson Landscaping 

Sohuokiaell Co. S757 W. Korth Window Shades 

Weber Costfcllo Co. 12 & KcKinley Chg. 

Hts. School Supplies 

O'Call&ghan Brothers 21 S. Green St. Plumbing Contractors 

4. There were no unusual conditions occurring during the period 
of construction that would give cause- for delaying factors. All work 
progressed satisfactorily to all concerned. 

6. Construction was started 22 August 1942. All contracts have 
been completed as of or before 1 October 1944, with the exception of 
Contract No. 7401-37-59, which is still active. Operators oooupied 
premises a* work was being o depleted. 

6. Job records, including completion reports, maps, layouts, reoord 
drawings, catalogs, guarantees, etc., are in possession of the Chicago 
Area Offioe. 



7. The utilities on the premises includes 

Water (City of Chicago) 2 W line and 2-6" lines serving 
sprinkler system, 50^ pressure. 

Gas (People* s Gas, Light and Coke Co.) S H line 5/4" pressure 
Electricity (Conaaonwealth Edison Co.) 4 wire S phase 60 cycle 

20b Volt (for both lighting and power) from 5 - 100 

EVA transformer , 1200 Amperes. 
Sewerage 8" je 6" waste lines into city disposal system 
Seating " Steam from a Central heating system of the University 
of Chioago, 4" line, 80 to 8B fc pressure. 



SKCTI0E II 



1. All the above contracts wore lump sum agreements and there was 
no additional cost to the government ether than the Area Engineers and 
District Office overhead and that figure is not available. 



2. There were no materials transferred in from any other project. 



COKPLBTIOE REPORT 
AHOBY 



BECTICT1 I 

1. This projeot, known as the "Arraory", ie an alteration and 
addition to the 124th Field Artillery Armory located at 52nd Street 
and Cottage Grove Avenue, Chicago, Cook County, Illinois. The east 
side of this project ic facing Cottage Grove Avenue, the Horth, South 
and West aides are facing Washington Park. The project is accessible 
by Cottage Grove Avenue Street oar and by truck or van. The Site is 
ueed joirtly by the l&etallurgioal Laboratory of the University of 
Chicago and the Area Engineer for the Chicago Area Office as follows* 

The second, third and fourth floors at south end, also the 
shed i,r< the southwest oorner of yard area, are ueed for laboratory 
investigation. The first floor at south end, north part of the arena, 
east sid» battery section and yard area, are used by the Metallurgical 
Laboratory as stock room, storage, reoeiving and shipping rooms, special 
material and carpenter shop. The south end of Arena and cubicles facing 
the Arena are used by the Area Engineer as eaterial and oar storage. 
The Metallurgical Laboratory and the Area Engineer are occupying the 
offices on the first, second, and third floor north end, and also the 
rooms in the west side battery section. 

2. Work consisted of remodeling and erecting partitions to suit 
the requirenents of the laboratories and offices , installing new over- 
head electric power wiring throughout the seoond, third and fourth floors 
south end, installing a new boiler and steel staok. A storage shed and 
laboratory shelter was constructed in the yard area. The approximate 
floor ares, is ae follows t laboratory and shop space in south end and 
east battery section - 76,000 square feet; Office space in north end and 
west battery section - 60,000 square feet; Storage space in Arena - 
50,000 square feet. The property is leased under lease So. Wll-114-eng- 
570 dated 1 March 1944, frot, the State of Illinois and is government 

( controlled under the terms of o on tract No . W-7401-eng-57. 

r 

5. 

H umber Contractor Amount 

Lunp Sum Government Contracts 

W-7401-eng-9& Skidraore, Owing? & 1) err ill 12,000.00 

W-7401-eng-171 125,207.73 135.207.73 

Subcontracts to 7401-eni -57 

7401-37-7S Bulley and Andrews 10,926.67 10,928.87 

ketallurgioal Laboratory Purchase Orders 



P.O. #0-3341 
P.O. K»-3347 
P.O. 130-1646 
P.O. 150-3329 



P.O. 115680 
P.O. 26455-29635 
P.O. 28966-28871 
P.O. 28866 
P.O. 29831 



Bui ley and Andrews 
truest Freeman & Co. 
K&rowett P.tg. k Vent. Co. 
Ffcillips, Getsohow Co. 

Government Purchase Orders 

LarspKjrt k I'tmn 
Ernest Freecan & Co. 
Plil Hips, Getsohow Co. 
O'Callaghan Brothers 
Narowett Etf . fc Vent. Co. 



1,610.19 
1,494. 08 
416.00 

774.36 4,296.63 



686.00 
3,396.04 
5,442.73 

656. S6 
1,473.00 11,763.36 



Grand Total up to October 1, 1946 t 162,126.68 
♦Incomplete - Still Active 



Skidiaore, Owing s & Herri 11 
Bui ley and Andrews 
Erneet Freeman A Co. 
Narowet* Btg. & Vent. Co. 
Phillips, Gets chow Co. 
Lanciert & team 
O'Callaghan Brothers 



Addres s 

104 S. Mohigan 

2040 W. Harrison St. 

416 fi. Erie 

1722 W. Washington 

32 W. Bubbard 

221 N. Wood 

21 S. Green Street 



Type of Contractor 

Architects 
General Contractor 8 
Eleo. Contractors 
Heating * Ventilating 
Heating Contractors 
Engineering Contractors 
Plumbing Contractors 



4. There were no unusual conditions during the period of construc- 
tion, and the contractors executed the work satisfactorily and with dis- 
patch. 

6. The starting date of the construction work was 11 March 1944, 
and the conpletion date was 1 October 1944, except for contract Bo. 7401- 
37-79 which Is incomplete and is still active. The Metallurgical Labora- 
tory was using part of the building for shipping and storage purposes 
before March 1944, and the offioes and laboratories were b%'ing oocupied 
from Waroh 1944 as rapidly as the alteration work progressed. 

6. Job records comprising legal description of property, layouts, 
and record drawings are available in the office of the Area Engineer, 
Chicago Area Office. 

- 

7. The existing fire pump standpipes were used to supply water for 
the laboratory requirements . 

Gas facilities were extended through the south end of the build- 
ing from the existing gas main located in the first floor southeast corner 
of the building. 

Eleotrio pow«r i6 furnished by the Commonwealth Edison Company's 
1 nets llation of three 150 XVA trans forwre located on a pels Mounted 



/ 



platform outside the building at the southeast corner. An overhead four 
wire, three phase 208 Volt 60 Cycle feeder syetera, was extended through- 
out the second, third and fourth floors at south end of building to 
accommodate the laboratory installations. 

High pressure steam facilities for laboratory purposes were 
provided for by the installation of one SO H.P. sootoh marine type port- 
able steel boiler 100 p.s.i. working pressure. This boiler was equipped 
with a pressurestat oontrolled blast power type gas burner with thermo- 
stat ic type safety out -off . 

A steel stack 139* high was erected outside the building and 
connected through breeching; to the boiler* Instantaneous type trans- 
fer heaters using steaia under thermostatic control were installed to 
provide heated water for laboratory requireaiecte. The original build- 
ing boilers are operated for heating purposes. 

A 15 H.P. air compressor was installed and cojapressed air lines 
were extended throughout the second, third and fourth floors at south 
end of building. 

The existing drainage facilities were used except one drain line 
located in the yard area, which wis rerouted to meet the demand of the 
laboratories. 



SECTION II 

1. All the above contracts were lump sum agresments . There was 
no additional oost to the government other than the Area Engineers and 
District Office overhead, which cost is not available. 

2. The value of materials transferred in to this site fron other 
projects is approximately $8000.00. 



REPORT ON uKTVEKSITY-OTWED BUILDINGS USED BY 
METALLURGICAL LABORATORY 



The feictallurgical Laboratory took over eocse of the buildings 
and faoilities of the University of Chicago and used there for labora- 
tory investigations. Under the supervision of tho Area Engineer Office, 
the J4otallur£ical Laboratory made come modi fioati one and additions to 
the existing faoilities, and the following is a list of the buildings 
and amount of money spent for alterations, whloh totals $131,330.43. 

ECKKART HALL 
_____________ 

H umb er Contraotor Araount 

7401-37-60 Rulley tr. Andrews $ 3,998.62 

7401-37-79 Bui lay * Andrews 11,118.72 
(etill active) 

P.O. 3344 Johnson Electric Co. * 357.55 15,474.93 



BYBRSOB HALL 

7401-37-66 Bulley k Andrews 12,602.41 

7401-37-79 Bulley & Andrews 6,474.16 
(still active) 

P;0..3345 Bulley & Andrews 170.21 

P.O. 4437 Ernest Preemn Co. 161.89 

P.O. 3344 Johnaor Electric Co. 1,628.65 

P.O. 4449 Johnson Rleotrio Co. 558. S3 23,685.65 



MICHAEL REESE 

P.O. 4437 Ernest Freeman 27G.35 

P.O. 3884 L.J. Graf Construction Co. 844.49 

P.O. 1545 Karowots tefg. «• Vent. Co. 392.13 

P.O. 3342 O^allaghfcn Bros. 1,117.04 

7401-57-79 Bulley * Andrews 200.76 

(etill active) 2,630.77 



WEST STANDS 



7401-37-60 

7401-37-79 

(still active) 

f.O. UD-S34C 
P.O. VO-4437 

P.O. KO-3344 

P.O. W0-334C 



Bulley & Andrewe 
Bulley A Acdrewa 

Bulley k Andrews, 
Ernest Freeman Co. 
Johnson Elootric Co. 
Hi i Hips, Getschovs Co, 



3,030.69 
10,644.97 

865.23 
65.90 
272.82 
1,490.77 16,170.38 



Kutibor 

P.O. 3349 
F.O. 3345 

7401-37-7S 
(still active) 



P.O. MO-3346 
P.O. MV44S7 
P.O. MO-3884 
P.O. 1*0-3349 

7401-37-79 
(still aotive) 



ELI If LABORATORY 

Contractor 

O'Callaghan Broc. 
Bulley ft Andrews 

Bulloy ft Andrews 



PBEXEL HOUSE 

Bulley ft Andrews 
Ernest Freecan & Co. 
L. J. Graf Construction 
O'Callaghan Bros. 

Bulley ft Andrews 



BILLIKGC HOSPITAL 



Amount 

€ 22.12 
364.03 

2,153.16 



126.26 
61.49 
Co. 644.18 
1.131.76 

3,270.91 



2,669,31 



5,224.60 



7401-37-79 
(still aotive) 



7401-37-65 
7401-37-79 
(ctill aotive) 



7401-37-7fe 
(etill active) 



7401-37-76 
7401-37-112 



7401-37-66 



7401-37-72 



Bulley ft Andrews 



REYNOLDS CLUB 



226.17 



Bulley ft Andrews 
Bulley ft Andrews 



JPBEC LABORATORY 
Bulley ft Andrev/r: 



KORTH STANDS 



Bulley ft Andrews 
Holabird ft Root 

BARKES LABORATORY 
Bulley ft Aiidrewe 

BOTAKY LAP^'FATORY 
Bulley ft Andrews 



12,576.93 
242.45 



228.17 



149.52 



12,621.38 



149.52 



922.73 
5,000.00 6,922 ,73 



625.02 



625.02 



9,101.15 9,101.15 



I - S 



ALPHA DELTA Hil 

Number Contractor Amount 

7401-37-73 Bui ley & Andrews % 1,526.65 1,626.65 

HUSETO', OF SCIEKC* ft INDUSTRY 

7401-37-67 Bulley ft Andrews 54,815.12 34,elG,12 

KEKT LABORATOBY 

F.O. 6471 Bulley 4: Andrews 682.15 6B2.15 



Grand Total up to October 1, 1945 #131,330.43 



KAMHATTAW DISTRICT HISTORY 
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VOLUME 2 - RESEARCH 
PART I - METALLURGICAL LABORATORY 
APPENDIX E 
G-LOT.SARY 

Alpha, Radiation . - Alpha radiation is that radiation composed of alpha 
particles * The alpha particle is the nucleuw of the helium atom. 
Consequently, it is composed of two protons and tv-.c neutrons and 
h&s an atomic number of two and an atomic mass of four* 

Beta Radiation . •» Beta radiation is one of the types of emanation froa 
a radioactive substance* The beta ray is an electron which, for 
convenience, avay be assumed to have been associated with a proton 
in the nuoleus of an atom in the form of a neutron* Thus, when 
a beta ray is emitted, the nuoleus oontains one more proton than 
before, resulting in transmutation to a new chemical element one 
number higher in the scale of elements. 

Biological Shielding * - A biological shield is necessary in Pile design 
in or dor to reduce the strength of radiations emanating fron the 
Pile to a safe level as determined by health and safety standards • 
Such materials as steel, iron, concrete, aati ajusonite, alone or in 
combination, forn effeotive biological shieldin * 

Bismuth Phosphate . - Bismuth phosphate is th* chemical compound used 
ae a carrier in the initial steps of the separation of plutonium 
frora the uranium and by-product eleaents. It carries the 

3*. 
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plutonium at a weight ratio of 90 parts of bismuth phosphate to 



one part of plutonium phosphate. 



Canning . - Canning is that step in the preparation of uranium for use 



in a Pile* in which the uranium slug is coated with a bonding 
material and encased in an aluminum sheath or can, and hermet- 
ically seated* 

Carrier . • The term currier refers to an insoluble compound which 

possesses the ability to remove from a solution minute quantities 
of another solid even though the second solid way remain partly 
in the undissolved state. 

Cyclotron . - The cyclotron is a complex eleetrotaa^netic device develo »- 
•d to accelerate charged subatoudo particles to the velocities 
and energies required to penetrate tins, powerfully repellent and 
positively charged atomic nucleus. 

Decontamination . • Decontamination is a series of steps which form a 

part ef the separation prooess for recovering plutoniuci from large 
quantities of uranium and small quantities of many other elements. 
It is a series of steps carried out to decrease the fission pro- 
ducts and their associated radioactivity to th«> extent that 
furtlisr processing may be accomplished without massive protective 
shielding. 

Pi phenyl . • Di phenyl is a white, crystalline hydrocarbon, no 1 tin,; at 
o 

160 Fahrenheit and having a high thermal conductivity making it 
an excellent coolant. 
Flselon Products . - The splitting of the ato'as of Sue's substanceis as 

uranium or plutonium results in the foratntioE of chetrieal elements 




interred i ate. in the scale of th© chemical elements, Thcee are 
called fission products or fission by-producte . 

Graphite. - Graphite in a form of the obemical element carbon, of 
atonic number 6, and possesses the pro )erty of reducing the 
energy and velooity of neutrons to that which will per<ait capture 
or absorption by atoms of uranium or plutonium. 

Heavy Hydrogen (or Deuterium) . - Heavy hydrogen is that isotope of 
atomic number 2. Its symbol is H*' or D and it is the prinoipal 
component of heavy water. Deuterium has a neutron-capture cross 
■ection of only 0.0009 or 10" 2 * square centimeters • 

Heavy Water . • Heavy water is the isotopic co-apound of heavy hydrogen 
of mass 2 (deuterium) with oxygen and is denoted by the symbol 
DgO. Heavy water is the most advantageous moderator yet investi- 
gated since the light elements are the most effective in slowing 
down neutrons and the neutron-capture orose section of deuterium 
is very much smaller than that of hydrogen. Heavy water is manu- 
factured by one of two methods, the fractional distillation of 
water or the hydrogen-water catalytic exchange reaction. 

Lanthanum Fluoride . - Lanthanum fluoride is the chemical compound 

used as a carrier in the latter steas of the separation of Plu- 
tonium. It is a more efficient oarrier than bismuth phosphate 
in that it carries the plutoniua at a weight ratio of 6 parte 
of lanthanum fluoride to one part of plutonium fluoride. 

Lattloe . - The uranium lumps of considerable sine imbedded in a 
moderator and in a regular pattern constitute a lattice. 

Masonite, - MaBonitc is the trade-name applied to various fiberboardr- 



Bade fron steam-cxr.loded wood fiter. l^asonite ie an effective 
means of shielding since it ie rich in hydrogen which, being a 
light element, is effective in retarding neutrons. 

Mass Pnit . - The unit of mass employed in nuclear physics is l/l6tr 
of the mass of the predominant oxygen isotope and ie equal 

to 1,6603 x 1CT ' grams. 

Moderator , - Neutrons emitted in the process of fission of uranium-235 
have high speeds. Before these neutrons can be effectively used 
for further fission, their speeds must be reduced to that of slov 
neutrons. The process of slowing down or moderation is simply 
one of elastic collisions between high-speed particles and 
particles practically at rest. The more nearly identical the 
masses of the neutron and struck particle, the greater the loss 
of kinetic energy by the neutron. Therefore, the light elements 
are the most effective moderators, 

Beutron-Capture Cross Section , - The neutron-capture cross section of 
a substance is the tern used by physicists to refer to the rela- 
tive dimensions of an atomic nucleus of the substance as a target 
for various subatomic particles and the; possible types of nuclear 
reactions. It permits the evaluation of the probability of any 

specific reaction taking place, and is usually expressed ae an 

til 

area in units of 10" square centimeters. 

pK. - The pH of a solution is a measure of its acidity. Actually, the 
ph is the logarithm of the reciprocal of the h.:;dro£en iron con- 
centration of the solution, A neutral solution has a pi! of 7.0, 

Polsortln- . - Poisoning is the term applied to the formation of 




lb 



substances within the Pile structure, especially -within tht 
slu'-s, which, due to their high neutron-capture cross lection, 
tend to decrease the reproduction factor to below the critical 
value with the possibility of making the Pile inoperative. 
The most prominent of poisoning; agents is xenon. 

Radiura-TteryllluK Source . - k radiura -beryl lium source is used as a 
source of neutrons. These are liberated froca the beryllium 
through the bombardment of the beryllium by the alpha particles 
emitted spontaneously by radiusu 

Reactivit y. - The ability' of a Pile to increase the nuaber of free 
neutrons within it by Multiplication, generation by generation, 
is oalled its react ivity. 

Slug . - Slug is to© non-descriptive term used to refer to the pieces 
of metallic uranium which are prepared for charging into Files 
for the aanufaoture of pluteniun. 

Theraal Stability . - A Pile in which the reactivity decreases with 
increasing temperature le said to be thermally stable. If the 
reactivity increases with increasing, temperature, the systen. 
would be tljermally unstable because an accidental rise ef the 
temperature would develop increased energy and consequently de- 
termine a further rise in temperature. 

Tracer . - A tracer is s radioactive substance, used to detect small 
quantities of its isotope in chemical analysis. It ic mixed 
in minute amounts with the isotope, and the resulting mixture 
behave;, ae a single chemical substance, although the formes 
may always be detected by it* radioactivity. 

tt 



Uranium Carbide . • Uranium carbide was eugfested for use in the molten 
biimuth-cooled plant since ite melting: point is «o high (about 
£800° Centigrade). 



(iicv also pag* 7,2, * Acknowledgneate * , for additional iiskoe of persons 

«vnd institutions) 



Abclson, I'. E., 1.12 
Activated Charcoal, 6.4 
Administrative Offices, £.41: 
Adsorption Processes, 6.4 | 
Air-Cooling, 3.4, 3.6, S.lOff 
Allison, S. K., 7.1 ! 
Alpha Delta Phi House, £.4 
Alpha Particles, 1.6 

Radiation, 4.14, ff.l 
Alternate Coolant, £.16 
Aluaimra., 4.4, 4.6, 4.9, 6.5, 

6.2 

Can, 4.6, 4.9, 6.2 

Corroelor. of, 4*4ff. 
Film Forwatior, Jb, 4.4 
Tubes, 4.2ff /* 

Hibs, 4.2 / 
Aluminum Co. of /AJi&rloa, 4. 12 
Aluainum-Silicoa Alloys, 4.$ff 
Asberlite IR-1, 6.4 
Anatomy Building, 2.4 
Annular Space, 2.16, 4.2, 6.4 
Area Engineer (Chicago), T»E 
Argon, 4.10 , 
Argomie, 2.6, 2JUa'f 
Forest, 2.6 / /' 

Hactal, 2.6 
Laboratory, 2.6, 2.8, 2.12, 7.1 

Aooass teattk, 2.6 

Completion lists, £.6 ( \ 

Dormitory* 2.6 

Fencing, 2.6 

Isolation, 2.6, 3.1£ 

Laboratory Building, 2.6 j 

Location, 2.6 

Kess B*U» 2.6 

Sa-vioe Buildings, 2.6 

»«Ster link, 2.6 

**h, 2,e 

Pil», S.li, 4.S 
Vra»iLuBs-0*-aphiU Pile, 2.12 

Co&liag jSvstet.., 5.1? 
Damou clems, 2.1? 
► Lntticfeii I. IS 

Kultipl£catior Constant,,, i.lT> 
Povwr Levtl, a. 12 
Shielding, 2.12 
»eirht, v»lt 



Dra»t iur:-Iiefevy»«*a tor Pile, 2.1 if 

Control IDevioec, 2.14 

Dimensions, 2.12 

Experimental Boles, 5.14 

Porasr Level, 2.14 

Kef lector, 2. IS 

Rode, 2.12 

Shielding, 2.14 

height of Moderator, 2. IS 
Armory, 2.6 

Lease for, 2.6 

Locatiott of, 2.8 

looifioatione of. 2.6 
Atomic Bosab, 1.12, 2.6 

Program, 2,6 
Atosio Bocbardtaont, 1.7 
AtosJLc fcase, 1.4f f ., 1.11 
Atomic Busbar, 1.4ff. 
Atoadc Structure, 1.2fl . 
Authorisation, 1.2 



Barnes Laboratory , 2,4 
Barium, 1«6 

Ife&s of, 1.6 
Bettelle teeaoriEl Institute, 

4.10, 4.12, 7.2 
Beryllium, 1.5, 2.9, 2.2, S.lQfT. 

4.11ff 
Bete. Particles, 1.6ff. 

Jiadiation, 4.14 
Billings Bcspitel, 2.4 
Biological Shield, 2.6, 2.14 
Bismuth Co ol in;;, 3.4, S.lOff. 
Bieffiutfc Phosphate, 6.7 

AdveriUsgef of, 6.7 
Blister, E,4ff 
Bohr, I.., 1.10 
Bc-ror., 2.2, 2.S 
Botaa; Building, 2.4 
Bush, Br. 1.2 
Byproducts (Fission), 1.1, 

2.1, 4.6, 6.2, 6. Iff. 



Cadniiuci, 2.6 
Calcim, 2.f 

Cslw^.t arid Bselr Consolidated 



Copper Co., 4.1E 
Can, 4.9, 6.5 

Corrosion hesi stance, 4.S 

Detection of Failure, 4.10, 6.Sff. 

Qastijrht, 4.9 

Waterproof, 4.9 
Canadian Radium and Ur anion Co., 

2.9 

Canning, 4.6ff., 4.1£ 

Early Considerations, 4.7 

Final Development, 4.8 

Requirements, 4.7 
Canned Uranium S lugs , 4.2ff ., 

4.8ff., 4.12, 6.3. e.Sff. 
Carbon, 1.11, 5.5, 5*10 

Atom, 1.11 
Carnegie Institute of Technology, 

6.2,7.3 
Cementation Coating, 4*7 
Censorship, 1.10 
Chadwick, Sir J., 1.7 
Chain Reaction, 1.1, 1.9, 1.12, 

£.1, 6. Iff., 5.6, 5.8, 4.4, 7.1 
Chain React in.-: System, 1.9, 1.15, 

5. Iff., 5.6, 4.5 

First, 5.6 
Charge, Electrical, l.Sff ., 1.6 
Charging, 5.10 

Chioago, 2.2, 2.6, 5.12, 6.2, 6.1 
Chicago Area Engineer, 7.2 
Chicago Area Office, 2.6, 2.8, 7.2 
Chief of Staff, 1.2 
Choice ©f Pile Type, 5.9ff. 
Practical Considerations, S.lD 

Availability of Materials, 5.10 

Coolinjr System, 5.1C 

Loading, 5 .10 

Efficiency, 5. 10 

Plutonium Production Hate, 5. 10 

Safety of Operation, 5 .10 

Speed of Construction, 5.10 
Theoretical Considerations, 5.9 
Clinton Laboratories, 1.14, 4.9, 
6.2ff. 

Pile, 1.14, 6.2ff. 
Coatings, 4.6 

Application of, 4.6ff . 
Columbia University, £.1 
Compton, Dr. A. H», 2.1, 7.1 

Conant, Dr. J. 8*, 1.2 
Concentration, 6*2 



Concepts, Uuclear, 1.2 

Concrete, 5.5, S.lSff. 

Congress, 77th, 1.2 

Construction, 2.4ff. 
Area of, £.6 
Costs, 2.8, App. D 
Research Facilities, 2.6 

Contaminants, 6.7 

Contracts, 2. Iff., 4.11 
Lump Sum, £.8 
So. ST-410, 2.1 
No. K-7431 eng-13, 2.5, 2.7 
So. K-7401 «ng-57, 2,2, 7.2 

Expenditures under, 2.2 
So. 15-7406 eng-7, 2.9 
Bo. f/«740£i eng-59, £.5 
So. 51-109 eng-38, 2.5,T.s 
With University of Chicago, 
2.1 

Contractor, 2 .Iff* 

Selection of, 2. Iff* 

Metallurgy, 4.11 
Contractor's Organisation, 7.1 
Control Devices, $.2 
Control Rods, 4.1, 4.5ff«, 6.5 
Cook County Forest Preserve, 

2.6 

Coolants, 1.1, 5.2, 5.4, 5.6, 

5,11, 5. IS, 4.5 

Air, 5.4, 5.6, S.lOff. 

Bismuth, 5.4, S.lOff. 

Diphenyl, 5.16 

Gas, 5.4, 5.11 

Heavy Water, 5.6, 5.10 

Helium, 5.4, 5.6, S.lOff., 
5.l4ff. 

Requirements for, 5.4 
Cheadoal Stability, 5.4 
Design of Systeaa, S.< 
Kcutron Absorption, 5.4 
Resistance to Disintegra- 
tion, 5.4 
Thermodynaiaic Properties, 
5.4 

T*ater, 5.4, 5.6, S.lOff., 
5.16, 4.1, 4.4ff., 4.? 

Coolin,; System, 5*4 
Simplicity of, 5.4 
Copper, 1.7, 4.8. 
Copper-Tin A-Hoys, 4.8 
Cornell University, 2.1 



n 



Corps of fcngineers, 2.1, £.6 
Corrosion, 5*11, S.lfc, 4.4ff., 
6.4, 6.7 

Resistance to, 4.fi 

Tube, 4.4 
CP-2 Pile, 5.l2ff. 

Multiplication Constant, 5. IS 
CP-3 Pile, 3.l3ff. 
Crucibles , 4.11 

Cyclotron, 1.15, 2.4, 8.7, 6.1 



Daniels, F„ 7*1 
Dooontaaination, 6.2, 6.4ff., 
6.7 

Delayed, Be at r oris , 3.8 

Desi rn Problems, 5.1, 4.1ff« 

Control Instruments, 4.2 

Control Sods, 4.1 

Cooling, 4.1 

Heat Removal, 4.1 

Lattice, 4. Iff. 

Radiation of Materials, 4.2 

Shield, 4.1 
Deutcriusa Oxide (See Heavy Vater), 

S.Sff. 
Deutcrons, 1.11 
Dl phenyl* 8.16 

Coolinj, S.16 

Corrosion by, 8.16 
Discharging, 5.10 
Doan, k, L», 7.1 
Documentary Forms, A pp. D 
Dormitory, 2.6 
Drexel House, 2.4 
"Dry" Process, 6 .5 
du Pont, E. I., de Uemours and 

Co., 2.S, 2.9, S.lSff., 4.10 



Early Plutonium Research, 1.11 
Eckhart Hall, £.4 
Einstein's Theory, 1.S5 
Elastic Collisions, 1.11, 3.2 
Electrical Charge, l.Sff., 1.6 
Electric Welding, 4.10 
Electron, 1.3, 1.5, l.f 

Charge, l.Sff. 

Mass, 1.3 

Orbit, 1.4 

Speed of He volution, 1.4 



Elootronic Instruments, 4. IE 
Electroplating, 4.7ff. 
ElcaentB, l.Sff., 1.7 

Discussion of, 1.2 

Tranauranic, 1.6, 1.11 
Ellis Laboratory, 2.4 
Energy, l.Bff., 8.5ff. 

Kinetic, 1.11 

Release of, l.Sff., l.llff., 
8.4 

Thermal, 3.3 

Utilisation of, 1.9 
Inriciied-Uranium Pile, 3.6, S.lOff • 
Ether, 6.5 

Experimental Pile, 2.5ff., S.7ff., 

3.12, 4.1 
Extraction (Plutonium), 6.5 

Ether, 6.5 
Extrusion, 4.11 



Fast Heutrons, l.llff., 3.2 
Feeler Method, 6.4 
Fond, 1.7,7.5 
Field artillery (124th) Armory, 
S.8 

Film Formation, 4.4ff • 
First Neutron Bombardments, 1.7 
First War Powers Act, 1.2 
Fission, l.Sff., 3. Iff., 8.6, 
3.8 

Disoovery of, 1.6 

Energy Released by, 1.8 
Fission By-products , 1.1, 4.6, 

6.2, 6. Iff. 

Half Lives of, 6.2 
Fluorides, 6.3, 6.7 

Corrosion by, 6.4 
Fluorine, 2.S, 6.5 
Forest Preserve District, 2.6 



Gaaima Radiation, 4.14 

Qae-Coolinr; (See Helium Cool- 
ing), 8.4, 3.11 

Glossary, App. I 

Sold, 1.3, 1.6, 1.7 

OovernoiDnt, 2.7ff., 4.10, 4.12, 
4.14 

Grafton, Caut. J. F., 7.2 
Graphite, 1.13, 3.3, 5.7ff., 



13 



4.1, 6.1 

iterator, 5.3, 2.G, 3.&, 

3.10f£., 3.14, 4.1 
Procurenerrt, 1.13, 2.S 
Production, 1.1? 
Purity, 1.15, 2.6 
Reflector, 5. IS 
Grasselli Chemical ?iv., 4.10, 
4.12 

Grovee, Itejor General L. S. , 2.1 



fiahn, 0., i.erf. 

Half LiYOf. , S.2 

B&nford Engineer fccrks, 6.2 

Piles, 6.2ff. 
Health H»*«rdt= # 3.4 
Beet fiicslpetion, 1.1, 5.4, 5. If 
Beat fiemowl, 1.1, £.4 
Heavy Hydrogen, 1*11 
He*Ty *eter, 2.6, 5.4, 5.6, 5.10, 

3.13 / ? 

Cool net, 2.6, 3*0,0 

Moderttor, 3.6, S.lOff. 

Pile, 2.6, 3.«, S.lOff. 
fi*liua. 1.6, 1.11, S.Sff., 3.6, 

3.11, 3.14 

Cooling, 3.4, 3.6, S.lOff., 
3.14ff. f 
Problems of, 4.11> 
Blovare, 3. It 
Charging tad Discharging, 

3.16 
Lanyritlefc, 3.1b 
Leakage of Oae, 3.11? 
Lo» Beat Oiesipation, 3. IB 
Power Output, £.16 
Quantity Required, 3. lit 
Moderator , 3.9 
Sucleuf, , 1.6 
Hetero£eneour Pile, S.Sff., 3.fc, 

3.11, 3.14 
Bexafluoridee, 6.7 
Bilberry, *•« 7 « J 
Hogtiose, 7. R., 7.3 
Homogeneous flit, 3.6, 5.6, 3.E 
Hot-Dip?in Cf 4.7fj 
Bot*Piercing, 4.11 
■Wisine Faoilities, 2.fc 
Hydrides, 6.5 
Hydrogen, 1.3, 1.11, 3.10, 
At on, 1.4, 1.11 
Fluoride, 2.9, 6.3 



lee fiouetj, 2.7 

Inttrusent tJeeigti, 4.12f f. 

I<we Stfttc Ccllege, 2.0, 4.1CWT., 7.3 

Iridium, 2.9 

Iron, S.b, 3.14 

Shield, 3.3, 3.14, 4.5 
Isotopes, l.Sff., 3.3 
Jonce laboratory, 2.4 



k, 3,2, 3.5, 3.7, 3.13, 4,3, 

3.3 i 

Exoect, 3.3 
iennedy, J. 1.11 
Kent Laboratory, 2,4 
Kinetic Energy, 1.11, 3,3 



Lanthanum. Fluoride Process, 
6.7ff. 

Lsttioe, 3.3ff., 3.9, 3.13, 

4. Iff., 6.1 

Point, 4.2 

Objections to, 4.2 

Hod, 4.2, 4.4 
Lead, 3.4ft., 3.13ff., 4.8 
Liquid Cooling (Sec fcater 

Cooling,), 3.4 
Lithium, 3.3, 5.9 



Jlalllnckrodt Cheaioal feorks, 
2,9 

Manhattan District, 1.2, 2. Iff., 

2.5, 2.9, 7.2 

fcftabllstaaent Bate, 2.1 

Project, 1.2, 4.U 
Haps, App. A 

Marshall, Col. J. C, 2.C 
kasor.it*, 5.5, 3.14, 4.5 
KaoBachuset i Institute of 

Technology, 4.10fi, 7. J 
Mac* Energy Relationship, l.fc 
koKinle,,, Capt. J. iu, 1,1 
McMillan, fc., 1.11 | 
Heroury, 1.7 

fcet*>l Cooling (Sec Bi8i"uti 

Cooling), 3.4 
ketel Hydride* Co., E.S 
Metallurgical Labor* tor., , 1.1, 

l.lSff., 2.2, 2.4, 2,7, 2>.S, 



5.7, 5.15, 5.16, 4. Iff., 4.6, 
4.lOff., 5.2, 7.1, 7.5 
Area Occupied by, 2«5ff . 
Associate Lirector, 7.1 
Directors, 7.1 
Divisions, 2. Iff., 7.1 

Chemistry, 2.4, £#Cff ., 7.1 
Health, 2.7, 7.1 
Metallurgy, 2.7 
Physics, 2.4, 7.1 
Technical, 7.1 
Theoretical, 7.1 
Metallurgical Project, 2.9, 7.1 

Director, 1.12, 7.1 
Metallurgy, 4.10 
Contractors, 4.11 
Objectives, 4.10 
Scope, 4.10 
Military Usefulness, 4.1 
Moderator, 1.1, S.Zff., S.Bff. 
Graphite, 5.5, 5.6, 5.8, S.lQff., 

3.14, 4.1 
Heavy Water, 8.6, S.lQff. 
He Hub, 5.9 
Ordinary water, 5.10 
Multiplication Factor, 8.2ff ., 5.7, 

5.9, 4.2ff ., 6.3 
Museum of Science and Industry-, 
2.4 



national Bureau of Standards, 2.1, 

2.9, 4.10, 6.2,1.3 
Rational Carbon Co., 2.9 
Havel Research Laboratory, £.1 
HDRC, !#£ 

ieptuniuia, 1.6, 1.11 
Discovery, 1.11 
•258, 1.11 
-259, 1.6 
Seutron, l*ftff«, 1.7ff., 5. Iff., 4.5 
absorption of, 1.7, 1.15, 5.1, 
5.5ff., 5.6ff«, 5.15, 4.S. 4.4, 
4.6 

Bombardment with, 1.7, 1.11 
Charge on, 1.5ff. 
Density Rate, 6.F 
Delayed, 5.6 

Energies of Bombarding, 1.1C 
Energy Control, 1.10 
Fait, l.llff., 5.2, 6.1 



First-Generation, 5.1 
Leakage of, 5.1 
Kfias, l.Sff. 
Moderation of, l.lOff • 
Fuaber Released per Fission, 

1.9ff. 
Thermal, S.S, 4.14 
Sew Chemistry Building, 2.4, 
2.6, 6.1 
Annex, 2.7 
Area of, 2.7 
Couple tl on Date, 2.7 
Area Occupied, 2.7 
Completion Date, 2.7 
Leases for, 2.7 
Location, 2*7 
Modifications to, 2.7 
Completion Date, 2.7 
Nickel, 4.8 

Sorth Stands, Stags Field, £.4 
Sue low-Drop Model, 1.1C 
Huolear Forces, 1.6 

Electrostatic,, 1.5, 1.7 

Mechanical, 1.6 



Oak Ridge, Tennessee, 2.5, 4.8 

Objectives, 1.1 

Office of Scientific Research 

and Develoment, 1.2, 1.14, 

2.1, 2.9 
Optical Instruments, 4.13 

Coloration of, 4.15 
Optical Methods , 6.4 
Organisation, 7.1 

Chicago Area Office, 7.2 

Metallurgical Laboratory, 7.1 
OSRD, 1*2, 1.14, 2.1, 2.9 
S-l Section Planning Board, 
£.9 

Oxalic Acid, 4.6 



Periodic Table of Elements, l.S, 
Personnel, T.2 
Peterson, Capt. A. f«, 7.2 
pK, 4.E 

Photographs, App. A 
Pile, 1.1, 1.15, 5. Iff., 
5.11ff., 4. Iff., 6. Iff. 

Argonne Sxperimsntal, 5. If; 



IE 



Argoane Uraniuin-lrephite, S.12ff. 
Arcamne Uranium-IIeavy-.'<ster, 

2.6, S.lSff. 
Auxiliary Equipment, 3.2, 4.12 
Clinton laboratories, 1.14, 5.£ff. 
Control Devices, 5.2 
Coolant, 1.1, 3.2, 3.4, 5.6, 5.11, 

8.15, 4.2ff. 
CP-2, 3.12ff. 
CP-S, 8.1Sff« 

Experimental, 2.6ff 5.7ff*, 5.12, 
4.1 

First Chain Reaoting, S.6ff ., 8.12 

Dimensions, 3.8ff. 

Power Level, 8.9 
Heterogeneous, S.5ff., S.9, 8.11, 

8.14 

flonoroneous, S.Sff., 8.9 
Laboratory, 2.5ff., 3.7ff., 8.12, 
4.1 

Lattice, 5.6ff., 8.9, 8.15, 4.1ff., 
6.1 

Materials of, 8 .Iff. 

Operating Problems, E.lff. 

Prisaary Purpose of, 8*1 

Selection of, 8.14 

Shield, 8.2 

Types of, S.l, 8.6 

Host Stands, 8*6, 8.12 
Pile Projeot, 1.2, S.l, 2.4ff„ 

2.7, B.lff., 4.12ff., 7.1 
Pilot Plant, 2.6, 4.8ff. 
Planning Board, 2.9 
Platinum, 2.9 

Plutonium, 1.1, 1.6, l.llff ., 3.1ff., 

8.11, 4.2, 4.11, 6.1ff., 7.1 

Discovery of, 1.11 

Dry Chemistry of, 6.5ff. 

Fission of, 1.11 

Oxidation, 8.1 

Peroxide, 6.7 

Production Rate, 4.1 

Salts, 1.15 

•288, 1.11 

-289, 1.6, 1.11 
Poisoning 6.2ff. 

Xenon, 6.2ff. 
Foe Bible Separation Processes, 6.2ff. 
Precipitation Processes, 6.6ff. 
President of the United States, 1.2 
Princeton University, 2.1,7.3 . 



Procure ^>ont of Materials, a. IS, 
£.6ff. 

Proportional Counter, 6.F 
ProtoaotiniuB, 1.11 
Protons, 1.5ff. 

Charge, l.Sff. 

Mass, l.Sff. 
Public Law So. 554, 1.2 
Public Law No. 680, 1.2 
Purification, 1.1, 6. Iff. 



Radiation, 3.4, 4.8 

Shielding, 8.4 

Effect on Solids, 4.2 

Wigner Effect, e.lff. 
Radioactivity, l.C, 4.6, 6.4ff. 

6*2 

Decay of, 4.6 

Detection of, 4.13 

Measurement of, 4.13 
Radioactive Gases, 4.5 
Radium, 2.9 

Radius- Beryllium Source, 8.7 
Reaction Products (Chemical), 
1.8 

Reactivity, S.7ff„ 6.2 
Real Estate Branch, Qreat 

Lakes Division, U. S. 

Engineers, £.6 
References, A pp. C 
Remote Control, 4.2, 4.1Z, 6*2 
Reproduction Constant (See 

Uultiplication. Factor), S.Eff 

9.7, 3.9, 4.2ff., 6.8 
Reein, Synthetic, 6.4 
Reynolds Student Clubhouse, £.4 
Ribs, 4.2 
Rods, 4.1, 4.4 



Safety Rods, 4.? 
Scope, 1.1 

Seaborg, G. T., 1.11,7.3 
Secretary of «ar, l.£ 

Security, 2.4, 2.C 

Selection of ac par at ion 

Processes, 6.C 
Self -Sustaining Reaction, 1.1, 

1.9, I. It, 3.2, 3.- 
Semi-- orks, 2.5 



IG 



Separation, 1.1, 1.1E, £.2, 6. Iff., 
7.1 

Plant, 2.2 

Process, 1.2, 4. IE, 6.3ff. 
Final Decisions, 6.7 
Outline of, 6.7 
Processus Considered, 6.2 
Selection of, 6.6 
Tine Factor, 6.2 

Unit, 1.1 
Service Building, £.4 
Shield, 5.2, S.4ff., 4.3 

Biological, 3.9, 3.14 

Concrete, 3.6, S.lSff. 

Dimensions, 4.3 

Iron, 3.6, 3.14, 4.3 

Masonite, 5.6, 3.14, 4.S 

Water, 4.5 

rood, 3.13 
Shielding, 1.1, 3.2, E.lSff., 4.1 
Site B, 2.7ff. 

Area of, 2.7 

Location, 2*7 

Service Facilities, 2.7 
Sliding Collar Method, 5.4 
Slow Beutrons (See Thermal Neu- 
trons), 1.11 
Slug, 4.2ff., 4.6, 4.8ff., 4.12, 

5.3, 5.5, 6.5 

Detection of Swelling, 6.5 

Development of Closure, 4.6 

Pusher Method, 5.5 

Unbonded, 4.10 
Sodium Diohr ornate, 4.6 
Sodium Silicate, 4.6 
Solvent Extraction Processes, 6.4ff. 
Speer Carbon Co., 2.E 
Spray Coat inf., 4.7 
Stables, 2.7 

Stability, l.Bff., 3.4, 3.7 

Chemical, 3.4 

Buolear, l.Sff. 

Thermal, 3.7 
Stagr Field, £.4 
State of Illinois, 2.F 
Stearns, J. C, 7.1 
Stone and ".ebster Engineering 

Corp., 2.6, 2*7 
Strassmann, F., 1.8ff. 
Subcontracts, 2.5, 2.6* 4.12 
Sulphuric Acid, 4.6 



Supersonic Reflection, £.6 



Tabulations, App. B 

Tetraf luoride, 6.3 

Thera&l Neutrons, l.llff ., 3.3, 

4.14, E.2 
Thoriuu, 1.11, 2.9, 4.11 
Tin, 4.ES 

Tracer Studies, 6.1 
Transuranic Eleaants, 1.6, 1.11 
Tubes, 4.2ff., 6.5 

Corrosion of, 4.4ff. 

Ribs, 4.2 
Tung* ten, £.9, 4.10 
Turbidity, 6.4 
Turgidity, 5.4 
Types of Piles, 5.6ff., 3.9 

Air-Cooled, 3.6 

Graphite-Moderated, 3.6 

Heavy «ater-yoderated, 3.6 

Heterogeneous, 3.6ff., 5.9, 
3.11, 3.14 

Homogeneous, 3.Cff., 3.9 

Selection of, 5.14 

itater-Cooled, 3.6 



Union Carbide and Carbon Corp., 
£.9 

University of California, 1.11, 

2.1, 6.1,7.3. 
University of Chicago, l.lSff ., 
2. Iff., 3.7 
Alterations to, 2.4 

Cost of, 2.6 
Buildings and Ground* Dept., 
2.5 

University of Virginia, 2.1 
Uranium, 1.1, l.S, 1.7ff 

1.12, 2.9. 3. Iff., 3.5, S.8, 

3.13, 4.2, 4.4, 4.6, 4.8, 
6.2ff . 

Alloj System of, 4.11 
Carbide, 3.11 

Corrosion-Resistant Alloys of, 
4.7 

Graphit*- Pile, 3.12ff. 
Heavy-i.ater Pile, S.lSff. 
Lumps, 4.2 
Mass of, l.S, 1.13 



17 




(total, 1.15, 2.9, 5.7, 5.11, 



Procurement, 1.13, £.9 
Production, 1.15, 4.11 
Purity, 1.12 

Metallurgy of, 4.l0ff . 

Oxide, 2.9, 5.7ff. 

Rods, 8.13, 4.4 

S&lta, 6.1, 6.4 

Slugs, 4.2, 4.6, 4. IX, 5#5, 6.5 
-254, 1.6 

-255, 1.6, l.llff., 5.5, 5.6, 
5.10, 5.2 

Fits ion of* 1.12, 5.5 
-258, 1.4ff«, l.llff., 5.5, 

8.6 
••259, 1.6 



Tapor Pressures , 6.5 
Vloe President of the United Sates, 
1*2 

Yictoreen Instrument Co., 4.14 
Volatility Processes, 6.5ff. 



Hani, a. C, 1.11 
War Dept., £.6 

Washington University, 6.1,7.5 
Water, 5.4, 5.6, 8.10, 4.5, 4.C 

Cooling, 8.4, 5*6, S.lOff., 5.16, 
4.1, 4.4ff., 4.6 

Moderator, 5.10 

Shield, 4.5 

"Synthetic,* 4.6 
Welding, 4.10 

Meetinghouse Electric and Manufac- 
turing Co., 2.9 

West Stands, Stag? Field, 2.4 
5.12 

Wijpaor Effect, 6. Iff. 
Wolverine Tube Division, 4.12 



Xenon, 6.2ff. 
X-Ray, 5,& 



Zinc, 1.7, 4.eff. 
Xino-AluMinuBi Alloys, 4.C 




